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PREFACE. 


Thk  present  work  is  designed  «xclusively  for  the  use  of  rtu- 
denti  attending  Lectures  on  Chemistry,  and  is  more  particularly 
adapted  as  a  'wit-book  for  my  own  iJecturea.  It  haa  no  preten- 
sions to  any  more  important  character ;  and  is  so  for  from  b^ng 
intended  as  a  substitute  for  any  of  the  larger  elementary  wotks, 
that  its  chief  value,  if  it  possess  any,  will  be,  that  it  serves  as  an 
introduction  to  those  works. 

Every  teacher  of  Chemistry  must  have  felt  the  want  of  a  ccnn- 
pact  text-book,  the  price  of  which  might  place  it  within  the  reach 
of  every  student ;  and  it  is  the  long-felt  sense  of  this  want  which 
haa  led  me  to  compile  these  Outlines.  The  importance,  to  begin- 
ners, of  having  some  such  guide,  and  some  such  help  to  the 
memory,  cannot,  I  believe,  be  over-eHUmated. 

Some  apology,  or  explanation  at  least,  may  seem  to  be  required 
for  the  omission  of  certain  subjects,  usually  treated  of  in  element- 
ary works  on  Chemistry.  1  allude  to  the  subjects  of  Heat,  Light, 
Eleclticity,  and  Magnetism :  in  short,  to  tbe  Imponderables.  It 
is  not  without  ample  consideration  that  I  have  taken  this  step. 

For  nearly  ten  years  past,  I  have  been  in  the  habit,  m  my 
Lectures,  of  treating  these  subjects  very  briefly ;  partly  because, 
in  m^  opinion,  they  belong  almost  entirely  to  the  province  of 
Physics  ;  but  also,  and  chiefly,  because  the  enormously  increased 
extent  and  importance  of  Chemistry,  especially  of  Organic  Chemis- 
try, rendered  every  moment  of  time,  in  a  course  of  Lectures,  which 
at  best  could  be  but  imperfect,  precious  in  the  highest  degree. 

t^nce  I  had  the  honor  to  be  appointed  to  the  Chair  of  Medicine 
and  Chemistry  in  the  Univetsity  and  King's  College,  Aberdeen, 
in  1 839, 1  have  altogether  discontinued  tbe  teaching  of  the  above- 
mentioned  subjects  at  regtdar  teetiont  of  the  eourtt ;  and  have  only 
taught  them  incidentally,  that  is,  where  they  naturally  come  into 
very  close  connection  with  Chemistry  :  and  by  this  means  I  have 
been  enabled  to  devote  about  three  months,  out  of  five  and  a  half, 
to  Organic  Chemistry,  —  a  branch  of  the  subject  of  the  highest 
importance  to  medical  students,  and,  as  is  well  known,  of  daily 
increasing  interest  and  value,  from  its  application  to  Physiology 
and  to  the  useful  arts.  I  am  incUned  to  beUeve,  that  if,  by  u^e 
omiauon  of  the  Imponderables  as  a  regular  part  of  tbe  courae, 
anything  has  been  lost,  the  comparatively  full,  although  yet  too 
hnef,  development  of  Organic  Chemistry  has  furnished  more  than 
sufficient  compensation. 

But,  in  truth,  the  Imponderables  are  now  very  generally,  as 
they  luidoubtedly  ought  to  be,  taught  as  a  part  of  Phyucs  by  the 
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leetnren  €9  Kalnral  Philosophy ;  so  that  the  teacher  of  Chemis- 
tiT  is  not  absQlately  required  to  do  more  than  to  explain  their 
most  important  bearings  on  Chemistry. 

It  is  probably  on  account  of  such  considerations,  that  the 
opinion  has  long  been  gaining  ground  among  teachers  of  Chem- 
istry, that  it  would  be  desirable  to  confine  their  attention  more 
particularly  to  matters  essentially  chemical,  than  to  those  branches 
of  Physics  which  are  in  some  measure  related  to  Chemistry.  But 
although  this  opinion  is  very  general,  the  habit  of  teaching  these 
branches  of  Physics  as  part  of  our  courses  of  Chemistry  has  still 
continued  to  prevail ;  and,  consequently,  the  appearance  of  a 
chemical  text-book  without  them  will  appear  to  many  a  novelty. 

I  wish  it  to  be  clearly  understood,  that  in  omitting  these 
subjects,  I  am  not  actuated  by  any  doubts  as  to  their  great 
importance  and  value  to  the  Chemist.  It  is  necessary  that  the 
Chemist  should  be  well  acquainted  with  them,  at  least  in  so  far  as 
they  bear  on  his  own  science  ;  but  it  is  impossible  for  the  teacher 
of  Chemistry,  who  gives  a  fair  view  of  its  present  state,  to  under- 
take, in  addition,  the  teaching  of  so  great  a  part  of  Physics.  The 
student  of  Chemistry  must  obtain  that  knowledge  elsewhere,  just 
as  he  does  his  knowledge  of  arithmetic,  mathematics,  or  mechan- 
ics,—  all  of  which  are  highly  useful  to  him,  but  which  the  Chemist 
is  not  expected  to  teach. 

The  present  work,  therefore,  is  to  be  viewed  as  giving  a  brief 
sketch  of  the  Chemistry  of  ponderable  substances  amy :  and  with 
the  experience  of  several  years  in  teaching  this  Chemistry,  with 
only  occasional  and  incidental  references  to  the  imponderables,  I 
venture  to  testify  that  this  method  of  instruction  in  Chemistrv  has 
many  advantages  over  the  old  one  ;  in  particular,  that  this  alone 
enables  the  teacher  to  do  justice  to  Organic  Chemistry. 

The  reader  will  perceive,  that  while  I  have  given  both  the  rival 
theories  of  the  constitution  of  Acids  and  Salts,  I  have  indicated  a 
decided  preference  for  the  new  one,  —  that,  namely,  which  con- 
siders all  hydrated  oxygen  acids  as  really  hydrogen  acids,  and  thus 
unites  all  acids  into  one  series ;  while  salts  are  viewed  as  com- 
pounds in  which  the  hydrogen  of  acids  is  replaced,  wholly  or 
partially,  by  its  equivalent  of  metals. 

This  theory,  alon^  with  the  usual  views  of  acids  and  salts,  wil' 
be  found  minutely  illustrated  in  the  sections  which  treat  of  lY 
acids  formed  by  sulphur  and  oxygen,  of  the  phosphoric  acids, 
salts  generally,  and  of  the  phosphates  in  particular. 

In  close  connection  with  the  theory  of  acids  and  salts,  str 
the  doctrine  of  polybasic  acids,  which  in  the  present  state  of 
knowledge  appears  to  be  so  well  founded,  that  we  must  i 
it,  and  so  simple  that  it  materially  facilitates  the  teachii 
what  would  otherwise  be  most  complicated  and  difficult, 
doctrine  I  hftTS  adopted,  and  fully  illustrated  under  the  her 


Pboephorio  Acid  and  the  Ph(wiphftt«B.  Bat  while  adopting,  <ri 
these  points,  the  views  held  by  Professor  Liebio,  I  agrat  with  him 
in  consideriDg  them  not  as  permancatly  established  truth,  bat 
only  as  beat  agreeing  with  the  facts  known  to  us,  and  therefore  the 
best  theoretical  doctrines  within  our  reach,  ahhough  likely,  nay, 
certain,  in  process  of  time,  to  be  modified  or  even  replaced  by 
better,  —  the  natural  result  of  improved  knowledge.  In  the 
meantinre  they  serve  an  important  purpose ;  that,  namely,  of 
enabling  us  to  systematize  or  classify  our  actnal  knowledge,  and 
thus  to  obt^n  fresh  starting  points  for  new  researches. 

There  is  cme  more  feature  of  this  work  to  which  I  would  direct 
attention.  In  describing  chemical  processes,  or  chemical  changes, 
I  have,  as  a  general  rule,  added  ta  the  verbal  description  a  repre- 
BCDtMion  of  the  reaction  in  the  form  of  an  equation,  exactly  as  I 
am  in  the  habit  of  dmng  in  my  lectures.  This  method  I  have 
found  most  advantageous ;  and  it  gives  me  great  satisfaction  to 
find  that  Professor  Oukun,  in  the  new  edition  of  his  "  Simdbuch," 
has  followed  exactly  the  same  plan.  The  use  of  such  equations 
enables  us  to  place  the  most  complex  reactions  in  the  clearest 
point  of  view  ;  and  they  also  furnish  data  for  all  the  calculationa 
which  are  so  often  required  in  the  laboratory. 

The  brevity  with  which  Inorganic  Chemistry  has  here  been 
treated  has  enabled  me,  in  the  Second  Part,  without  adding  to 
the  intended  size  or  price  of  the  work,  to  devote  to  Organic 
Chemistry  a  space  proportionate  to  its  importance,  and  to  tiie 
share  of  time  allotted  to  it  in  my  lectures. 

In  preparing  the  present  edition  of  the  Organic  Part,  I  have 
been  compelled,  although  but  a  short  Ijme  has  passed  since  the 
first  edition  appeared,  in  consequence  of  the  rajud  progress  of  the 
science,  to  make  considerable  changes  in  several  important  sec- 
tions ;  of  which  I  may  specify  those  on  the  Organic  Bases,  on  the 
Albuminous  substances,  and  the  Nitrogenized  Coloring  Matters. 
In  other  sections,  it  has  been  necessary  to  make  lai^  additions, 
as  has  been  done,  for  example,  in  treating  of  the  Volatile  Oily 
Acids,  of  the  derivatives  of  Benzoyle,  of  the  derivatives  of  Uric 
Acid,  of  the  various  kinds  of  Fermentation,  of  the  Artificial  Or- 
ganic Bases,  of  the  juice  of  flesh  and  it£  constituents,  and  in 
several  other  instances ;  the  added  matter  extending  to  one-sixth 
of  the  work. 

No  change  has  been  made  in  the  ^lan  of  the  work  ;  and  I  trast 
that  the  favorable  reception  which  it  has  met  with  may  be  con- 
sidered as  proving  that  it  has,  to  a  con^derable  extent,  fulfilled 
the  object  which  I  had  in  view,  namely,  to  provide  the  student 
with  a  compendious  and  portable  manual  of  the  actual  state  of 
the  science. 

WILUAM    GREGORY. 


PBEFACE  TO  THE  AMERICAN  EDITION. 


Professor  Grboort  is  acknowledged  to  be  one  of  the  first  Chemists 
living.  If  we  had  no  other  evidence  than  the  work  we  now  present 
to  the  American  public,  it  would  be  sufficient  to  establish  his  claim  to 
this  proud  title.  But  as  the  editor  of  Turner's  Chemistry,  the  transla- 
tor of  Professor  Liebig's  Works,  and  the  author  of  some  of  the  most 
valuable  essays  and  discoveries  in  the  science,  Professor  Gregory  has 
rendered  himself  eminent,  as  one  of  the  most  profound  and  original 
investigators  and  discoverers  of  this  age. 

For  us  to  praise  the  work  which  we  herewith  present  to  the  public, 
would  be  wholly  supererogatory,  as  a  glance  through  its  pages  will 
convince  the  reader.  He  will  perceive  that  it  is  written  with  all  of 
that  peculiar  ability,  and  familiarity  with  the  subject,  and  the  best 
method  of  teaching  it,  which  long  experience  and  arduous  study  alone 
can  insure.  Although  so  condensed  that  scarcely  a  word  could  be 
taken  from  it  without  marring  the  sense,  still  its  perspicuity  surpasses 
that  of  any  work  upon  the  science  perhaps  extant. 

While  other  works  are  difiuse  in  processes,  this  work  generally  gives 
but  one  method  of  preparing  a  substance,  and  that  always  the  best,  the 
Others  being  wholly  superfluous.     In  fact,  the  author,  instead  of  occu- 

gying  pages  in  describing  what  is  really  useless,  strives  at  condensation, 
ut  not  at  the  expense  of  perspicuity  ;  in  consequence  of  which,  he 
has  produced  a  work  which,  although  of  a  moderate  size,  contains 
eveiy  fact  and  discovery  of  any  consequence  in  the  science.  We  there- 
fore willingly  undertake,  at  the  flattering  request  of  Professor  Gregort, 
to  edit  this  American  edition  of  his  excellent  work,  adding  such  notes 
as  the  late  progress  of  the  science  requires.  It  will  be  perceived  that 
this  edition  is  more  perfect  than  the  London  one,  numerous  errors, 
which  had  escaped  the  author,  being  corrected.  This,  together  with 
the  notes  which  we  have  added,  will  render  this  American  coition  more 
valuable  than  the  English  one. 

Although  at  the  present  time  teaching  Chemistry  at  the  Eclectic 
Medical  College  of  Cincinnati,  we  would  not  have  this  work  of  Pro- 
fessor Gregory's  identified  with  any  peculiar  sect  or  party  in  medicine ; 
for  the  science  of  Chemistry  will  not  admit  of  this,  so  demonstrable 
and  rigid  are  its  truths,  and  so  little  susceptible  of  any  other  construc- 
tion than  those  inevitable  ones  obtained  through  direct  experiment. 
This  work  is  therefore  recommended  to  every  teacher  of  Chemistry,  as 
a  concise,  condensed,  and  well  arranged  exposition  of  the  doctrines  of 
this  science ;  being  written  by  one  thoroughly  acquainted  with  the 
wants  of  the  medical  and  general  student.  It  is  therefore  calculated 
for  the  lecture  room,  the  private  closet,  or  the  laboratory,  and  should 
consequently  be  in  the  hands  of  every  person  who  desires  a  thorough 
knowledge  of  Modern  Chemistry,  without  being  necessitated  to  wa3e 
through  a  wilderness  of  pages  in  its  acquisition. 

J«  M.  S. 
GnowsAn.  Jult,  1851. 
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OUTLINES  OF  CHEMISTRY. 

PART  I. 


OUTLINES  OF   CHEMISTRY. 


INTRODUCTORY. 

TnB  world  in  which  we  live  is  formed,  in  its  different  parts,  of 
a  number  of  distinct  kinds  of  matter,  amounting,  accordinj^  to' the 
present  state  of  our  knowledge,  to  about  65.  These  are  called 
elements,  ek-mentary  bodies,  or  simple  substances. 

The  forms  of  matter  with  which  we  are  most  familiar,  however, 
are  not  elementarj'.  If  we  examine  the  matter  of  which  a  rock, 
a  tree,  iin  animal,  the  atmosphere,  or  the  ocean  is  respectively 
composed,  we  shall  find  that  all  those  objects  may  be  proved  to 
conlAin  two  or  more  distinct  kinds  of  matter ;  that  is,  two  or  more 
elements.  Where  this  is  the  case,  we  call  the  substance  a  com- 
pound body. 

A  compound,  therefore,  may  be  resolved  into  its  elements; 
whereas  an  element,  or  simple  substance,  cannot  be  made,  by 
any  means  yet  known  to  us,  to  yield  more  than  one  kind  of  mat- 
ter. Brass,  which  is  compound,  may  be  resolved  into  copper  and 
zinc  ;  but  from  copper  or  zinc,  we  can  obtain  only  copper  or  zinc. 
Vermilion  may  be  shown  tu  contain  sulphur  and  mercury ;  but 
sulphur  can  only  be  made  to  yield  sulphur,  and  mercury,  mercury. 

But  when  we  call  any  substance  elementary,  or  simple,  we  do 
not  mean  that  it  is  certainly  or  essentially  so ;  we  only  say  that 
hitherto,  in  our  hands,  and  exposed  to  all  the  various  agencies 
which  we  can  bring  to  bear  on  it,  it  has  yielded  only  one  kind  of 
matter,  or  element,  and  no  more.  In  the  early  part  of  the  present 
century,  the  alcalies  and  earths  were  believed  to  be  elementary 
bodies,  because  only  one  kind  of  matter  had  ever  been  obttunM 
from  them :  but  the  new  power  of  galvanism  enabled  Davy  to 
discover  that  all  these  bodies  were  compound.  It  is  far  from 
being  improbable  that,  in  the  progress  of  discovery,  several,  per- 
haps many,  of  the  55  elements  which  we  are  now  compellea  to 
admit,  may,  in  like  manner,  prove  to  be  really  compound  bodies. 

Till  then,  however,  we  must  be  content  to  class  together,  as 
elements,  all  those  bodies  which  have  not  yet  been  resolved  inta 
other  kinds  of  matter;  and  of  the«e  undecomposed  bodies,  w 
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c*IciiH-iil'«,  Sill  m-iUTiil  <iliji'cts  an;  ronsiiiutrd.  Here  follows  ihe 
list  of  tlnr  clt'iiH.-iitary  bodies  at  J•rl.•^ent  admicud,  wilh  the  abbre- 
viation, or  syriib<il,  whicli  is  used  lor  each  element  placed  after  the 

nam(; :  — 

ELEMENTS. 


Oxygen 

.     O 

3Ianganetfc 

Mn 

Hydrogen  . 

.     H 

Iron  (Fernim)    .        .     . 

Fe 

Nitrogen 

.     N 

Cobalt    .... 

Co 

Sulphur 

.     S 

Nickel        .         .         .     . 

Ni 

PhoHphoruM 

.     P 

Zinc       .... 

Zn 

<  /arbon 

.   c 

Cadmium   .         .         .     . 

Cd 

('hlorin*.* 

.     C[ 

I/ead  (Plumbum)    . 

Pb 

Bromine 

.     Br 

Tin  (Stanuum)  .         .     . 

Sn 

Iodine     . 

.     I 

Bismuth 

Bi 

Fluorine     . 

.     F 

Copper  (Cuprum)       .     . 

Cu 

Boron 

.     B 

Uranium 

U 

Silicon    -    . 

.     Si 

Mercury  (Hydrargyrum) 

Silver  (Argentum) . 

Hg 

Selenium 

.     Se 

Palladium  .         .         .     . 

Rhodium 

R 

Potamiiuni  (Kalium)  . 

.     K 

Ruthenium  ? 

Sodium  (Natrium)  . 

.     Na 

Iridium  .... 

Ir 

Lithium 

•                • 

.     L 

Platinum   .                  .     . 

Pt 

Barium   . 

•                • 

.     Ba 

Gold  (Aurum) 

An 

Strontium  . 

•                • 

.     Sr 

Osmium     .         .         .     . 

Oa 

Calcium 

•                • 

.     Ca 

Titanium 

Ti 

MagncKiuni 

•                • 

.     Mg 

Columbium  (Tantalum)  . 

Ta 

Aluminum 

> 

.     Al 

Pelopium !      .         .         . 

Glucinum  . 

•                > 

.     G 

Niobium  ?  .         .         .     • 

Yttrium . 

•                 • 

.     Y 

TeUiirium 

Te 

Zirconium 

•                • 

.    Z 

Tungsten  (Wolfram)      . 

W 

Thorium 

•                « 

.    Th 

Molybdenum       .        .     . 

Mo 

Cerium 

•                 • 

.     Cc 

Vanadium 

V 

Lantanium 

•                • 

.     U 

Chromium                  .     . 

Cr 

Didymium  1 

•                • 

• 

Antimony  (Stibium) 

Sb 

Erbium  1 

•                • 

• 

Arsenic      •        .        .     . 

As 

Terbium  ?  . 

•                • 

• 

(The  fiymbolfi  or  abbreviations  arc  in  every  case  taken  from  the 
Latin  names  of  the  elements,  so  as  to  be  universally  understood. 
Should  the  existence  of  the  new  metals,  discovered  by  Mosander^ 
vie :  Didymium,  P>bium,  and  Terbium,  as  well  as  of  those  an- 
nounced by  liose,  viz  :  Pelopium  and  Niobium  ;  and  of  the  metal 
KuUienium,  found  by  Klaus  m  the  ore  of  Platinum,  be  established, 
Uio  number  of  the  elements  will  be  61.) 

Of  the  above  list  of  elements,  about  14  constitute  the  great  mass 
of  our  earth  and  of  its  atmosphere.  The  remainder  occur  only 
in  small  (|uanUty,  comparatively ;  while  nearly  a  third  of  the 
whole  number  is  so  rare,  as  not  to  admit  of  any  useful  application. 

By  their  external  aspect,  the  elements  may  be  divided  into 
two  classes;  and  these  classes  are  also  found  to  possess  other 
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distinctive  cliftraclcrfl.  Thus  tlie  twelve  first  in  tlie  list,  which  are 
c^led  non-metallic  bodies,  or  mctallmds,  are  easily  distinguished 
from  Fill  (!n»se  after  potassium,  inclusive,  which  are  metals.  The 
latter  possess  that  peculini-  brightness  and  opacity  of  surface  which 
is  called  the  metallic  lustre,  of  which  the  former  are  destitute. 
Again,  the  metals  are  all  found  to  be  excellent  conductors  of  b«M 
and  electricity,  while  tlie  metalloids  conduct  tliese  influences  ven 
badly,  with  die  exception  of  ebarcoal,  which,  when  in  certM 
stales,  conducts  electricity  almost  like  n  mctat. 

Selenium  has  the  metallic  lustre,  and  is  by  some  considered  a 
metal ;  but  it  is  r  non-conductor  of  heat  and  electricity,  and  in  all 
its  chemical  relations  and  analogies  belongs  to  tlie  non-metallio 
bodies. 

This  division  of  the  elements  is  of  great  use  in  facilitating  tb« 
study  of  chemistry. 

The  elements  are  capable  of  combining  together,  metalloidt-'- 
with  metalloids,  mctala  with  metals,  and  metalloids  witl]  metal*. 

When  two  elements  unite  together,  tliey  give  rise  to  a  new  sub' 
stance,  a  compound  of  the  two;  and,  generally  speaking,  the 
compound  has  properties  entirely  distinct  from  those  of  its  elements. 
Thus,  sulphur  and  mercury,  a  yellow  earthy  solid  and  a  white 
fluid  metal,  unite,  and  ^ve  rise  to  a  fine  red  powder  which  is  ver< 
milion.  It  is  not  possible,  by  the  eye,  to  distinguish  two  kinds  of 
matter  in  the  vermiUon,  any  more  tlian  in  its  clemeutH,  so  com- 
pletely have  the  properties  of  those  elements  disappeared.  But, 
by  chemical  means,  we  can  prove  that  vermilion  contains  both 
mercury  and  sulphur.  These  elements  are  said  to  be  combined, 
BO  as  to  produce  vermilion,  which  is  said  to  be  a  compound,  or  to 
be  composed  of  them.  In  such  n  case,  the  combined  elements  can 
no  longer  be  separated  mechanically  from  each  other.  They  are 
held  together  by  a  force  which  is  called  chemical  attraction,  or 
afiititg,  the  real  nature  of  which  we  do  not  know.  It  reserablei 
cohesion,  since  it  holds  together  tlie  particles  of  matter :  but  while 
'  cohesion  is  only  exerted  between  particles  of  the  same  nature,  as, 
for  example,  between  those  of  sulphur,  or  between  those  of  ver- 
milion, affinity  is  only  exerted  between  particles  of  different  kinds 
of  matter,  for  example,  between  tlie  particles  of  sulphur  and  of 
mercury. 

By  affinity,  then,  we  understand  simply  that  force,  whatever  may 
be  its  nature,  by  which  the  particles  of  one  elementary  body  are 
made  to  unite  with  those  of  another.  When  once  united,  the 
particles  of  the  compound  obey  the  laws  of  cohesion  exactly  as  if 
they  were  simple  particles. 

It  is  the  ohject  of  chemistry  to  investigate  the  properties  of  the 
elements,  the  laws  which  regulate  their  mutual  actions,  and  the 
nature  and  properties  of  the  compounds  which  arise  from  their 
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Before  describing  tlie  individual  elements,  it  is  aeceiaary  to 
explain  to  ihu  reader  certain  terms  and  pbniiien  of  ver^  frequent 
occurence,  as  well  as  to  mention  the  general  luivs  wbich  rejrulate 
ckemicHl  combinniion. 

Combination  occurs  when  two  or  more  bodies  unite  together: 
JttompoiUion  takes  place  when  bodies,  previously  united,  arc  made 
Ip  aeparate  from  eacli  otiier. 

When  oxygen  enters  into  combination  with  any  other  element, 
the  compound  is  called  an  oxide  ;  tlie  compound  of  chlorine  with 
any  other  element  is  called  a  chloride  ;  ana  with  bromine,  iodine, 
and  fluorine,  we  have,  in  the  same  way,  bromides,  iodides,  and  flu- 
oride*. The  compounds  of  sulphur,  phosphorus,  carbon,  selenium, 
&c.,  with  melals,  are  called  sulphides,  phosphides,  carbides, 
•eleninrides.  &c. 

When  a  compound  body  possesses  a  sour  taste,  reddens  vegeta- 
Wa  blue  colors,  and  neutraliies  alcalies,  it  is  called  an  acid.  If 
composed  of  oxygen  united  to  a  metalloid,  such  as  carbon,  or  a 
metal,  such  as  curomium,  the  acid  is  simply  named  from  the 
metalloid  or  metal,  as  carbonic  acid,  chromic  ucid.  But  if  the  acid 
contains  hydrogen  united  to  a  metalloid,  the  word  "hydro"  is 
prefixed  ;  as  hydro-chloric  acid  (liydrc^n  and  chlorine),  bydro- 
sulphuric  acid  (hydrogen  and  sulphur),  &c. 

Where  the  same  element  forms  with  oxygen  several  acids,  they 
are  distinguished  by  their  terminations,  ea  sulphuric  acid,  sulphur- 
ous acid:  the  acid  in  ie  always  containing  most  oxygen  :  but  where 
new  acids  of  intermediate  composition  are  discovered,  it  is  neces- 
sary to  use  the  pre&x  "  hypo,"  — as  hypo- sulphurous  acid,  hypo- 
Butphuric  acid,  meaning  acids  containing  less  oxygen  than  sulphur- 
ous or  sulphuric  acids  respectively  ;  or  ■•  hyper,"  as  hyper-cbloria 
acid,  meaning  an  acid  containing  more  oxygen  than  chloric  acid. 

When  a  compound  body  has  an  acrid,  urinous  taste,  restores  to 
blue  the  color  reddened  by  an  acid,  and,  above  all,  if  it  poueia 
the  property  of  neutraliiing  acids,  or  causing  their  acid  propertiea 
to  disappear,  it  is  called  an  atcali,  or  more  generally  a  base,  or  a 
basic  substance. 

We  have  seen  that  oxygen  is  an  element  of  many  acids ;  it  is  also 
an  element  in  most  bases.  Almost  all  the  metals  are  capable  of 
forming  one  base,  several  form  more  than  one  base,  with  oxygen. 
These  bases  are  usually  called  oxides  of  the  metal ;  and  where 
there  are  two,  that  which  contains  least  oxygen  is  usually  c&lled 
protoxide,  and  that  which  contains  most  oxygen,  peroxide  ;  as  the 
protoxide  and  peroxide  of  iron,  &c. 

Acids  and  bases  unite  together,  and  the  characleriadc  properties 
of  both  disappear.  They  are  said  mutually  to  neutralize  each 
other,  and  the  resulting  compound  is  called  a  salL  If  neither  the 
acid  nor  base  be  in  excess,  the  salt  is  a  neutral  salt ;  if  the  and 
predominate,  it  is  called  an  acid  salt,  or  a  super  salt ;  and  if  the 
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base  prevail,  it  is  called  a  bnaic  salt  or  a  snb-sult.  The  salt  is 
named  from  both  Ihe  in^edients.  Thus,  when  sulphuric  acid 
neutralJEcs  sodn,  the  resulting  salt  is  called  the  sulphate  of  soda  ; 
when  phosphoric  ncid  unites  with  lime,  the  acid  beinj  in  excess, 
the  salt  is  called  acid  phosphate  of  lime,  or  superphosphate  of  lime; 
and  when  nitric  acid  unites  with  oxide  of  mercury,  the  latter  being 
in  excess,  the  compound  is  called  basic  nitrate  of  mercnry,  qt 
subnUrale  of  mercury. 

Besides  acids  and  bases,  there  is  a  third  kind  of  oxides,  namely, 
such  as  have  neither  acid  nor  basic  properties.  They  are  called 
indifferent  oxides,  and  sometimes  superoxides;  as  for  example, 
peroxide,  properly  superoxide  of  manganese. 

The  term  ■'  radical  "  is  applied  to  any  body  which,  by  uniting 
with  an  element,  can  give  rise  to  an  acid  or  a  base.  Most  of  the 
elements  play  the  part  of  radicals  :  but  we  have,  besides,  com- 
pound radicals,  containing  two  elements,  like  cyanogen,  or  ev« 
three  or  more  elements,  like  benzoyle  or  cacodyle.  The  compound 
radicals  unite  with  elements,  just  as  if  they  were  themselves 
elementary.  Thus,  cynno^'en  unites  with  hydrogen  to  form  an 
acid,  and  cacodyle  unites  wiiii  oxygen  to  form  a  base. 
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Tbb  force  of  chemical  attraction,  or  affinity,  is  unequal  in  the 
case  of  different  substances.  Thus,  the  affinity  between  potassium 
and  oxygen  is  more  powerful  than  that  between  gold  and  oxygen. 

The  capacity  of  one  body  to  unite  with  another  is  mainly  effected 
by  two  circumstances  ;  namely,  the  state  or  form  of  the  substances 
in  question,  whether  solid,  liquid,  or  gaseous,  and  the  temperature 
at  which  they  are  brought  together. 

Cohesion  tends  to  keep  the  particles  of  bodies  in  close  prosimitf , 
while  the  tendency  of  heat  is  to  separate  them  from  each  other. 
When  cohesion  predominates  over  the  repuhion  due  to  heat,  the 
body  is  solid :  when  cohesion  and  repulsion  are  exactly  balanced, 
it  is  liquid  ;  and  when  repulsion  predominates,  it  becomes  gaseous. 

It  is  obvious  that,  since  chemical  attraction  operates  between 
the  particles  of  different  bodies,  and  only  when  they  are  at  infi- 
nitely small  distances,  the  cohesion  between  the  particles  of  two 
solid  bodies  respectively  must  impede  chemical  action  by  prevent- 
ing the  sufficiently  close  approxiraalton  and  intermixture  of  the 
panicles  which  have  affinity  for  each  other.  Hence  the  solid  form 
19  most  unCiivorabIc  lo  chemical  action,  although,  in  rare  cnsea, 
the  power  of  affinity  is  suflicicnt  to  overcome  the  obstacle.  Thus, 
phosphorus  and  iodine,  both  in  the  solid  form,  act  powerfully  on 
one  another. 
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But  if  one  or  both  of  the  bodies  be  liquid,  the  psrticlea  of  boUi 
TCBdily  come  so  near  aa  to  admit  of  affinity  producing  ite  full  effect. 
Thos,  bromine  acts  violently  on  phoaphoniti,  although  the  latter  ia 
eolid ;  nitric  acid,  in  like  manner,  dissolves  metals,  and  the  same 
acid  acts  with  ^reat  energy  on  alcohol.  Indeed,  the  liquid  form  ia 
M>  favorable  to  chemical  action,  that  the  chemist  genenilly  endeav- 
gn  to  have  one  or  both  of  the  substances,  wliose  action  he  wishes 
to  try,  in  that  form. 

Uoreorer,  when  two  solid  bodies,  as  ia  cenerally  the  case,  refuse 
to  act  on  each  other,  it  is  commonly  sufficient  to  cause  one  of  them 
to  assume  the  liquid  form.  This  may  be  done  in  two  ways ; 
either  by  applying  a  sufficient  heat  to  melt  it,  or  by  dissolving  it  in 
mter  or  some  other  solvent.  Thus  iron  and  sulphur,  when  mixed 
mthe  solid  form,  do  not  combine  ;  but  if  Ihe  sulphur  be  melted 
by  heat,  rapid  combination  takes  place.  Airain :  citric  seid  and  cnr- 
honate  of  soda  do  not  act  on  each  oiher  when  dry  ;  but  if  water  be 
added  to  the  mixture,  the  acid  dissolves,  and  brisk  action  ensues. 

It  is  evident  that  heat,  being  opposed  to  cohesion,  will  promote 
chemical  action  whenever  cohesion  or  the  solid  form  is  the  obsta- 
cle :  and  this  is  the  source  of  the  immense  vnlue  of  heat  in  chemical 
and  manufRcturing  processes;  aa,  for  example,  in  the  smelUngof 
metals  from  their  ores. 

But  when  cohesion  has  been  still  further  overcome,  nnd  the  body 
has  assumed  the  gaseous  form,  a  new  impediment  is  offered  to 
chemical  action.  The  particlea,  by  the  predominance  of  the 
repulsion  due  to  heat,  are  now  so  far  removed  from  each  other,  as 
not  to  come  readily  within  the  sphere  of  chemical  affinity.  Hence, 
two  bodies  in  the  gaseous  form  seldom  act  on  one  another,  unless 
their  mutual  attraction  be  very  strong,  as  in  the  cose  of  hydro- 
cUorie  acid  gas  and  ammoniacal  gas;  or  by  the  aid  of  heat,  light, 
or  electricity,  as  in  the  case  of  chlorine  and  hydrogen  gases.  As 
heat  is  here  the  cause  of  the  obstacle,  the  appropriate  remedies  arc 
cold  and  compression,  which  tend  to  bring  the  particles  nearer. 
Heat  and  electricity  are  supposed  to  net  by  producing  compression 
of  some  particles  m  consequence  of  the  expansion  of  others  ;  but 
heat  certainly  acts  nlso  by  increasing  the  force  of  affinity. 

Even  where  only  one  of  the  bodies  ia  gaseous,  chemical  action 
is  much  impeded,  especially  if  the  other  bo  solid.  Siill,  in  many 
cases,  solids  and  liquids  do  slowly  act  on  gases :  and  by  sucn 
means  some  of  the  moat  important  processes  in  the  organic  king- 
doms are  carried  on  ;  as,  for  exampfc,  the  respiration  of  animals, 
and  the  growth  and  decay  of  plants. 

In  some  cases,  as  in  that  of  hydrochloric  acid  gas,  the  affinity 
between  the  gas  and  wiitcr  is  so  powerful,  that  they  combine 
instantaneously  when  brought  into  contact. 

There  are  otiicr  cases  lu  which  solid  bodies  at  the  nrdinarr 
temperature  arc  incapable  of  combioing  with  gases,  but  in  which 
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a  high  tetnperatnre,  although  it  opposes  chemical  tiction  by  itK 
tendency  to  remove  still  further  the  particles  ol  the  gns,  yet,  on  the 
other  hand,  so  much  exalta  the  power  of  afUnity  as  to  be  the  most. 
powerful  promoter  of  combination.  The  cSect  of  lient  in  cnusin;^ 
wood,  coal,  orchttrcoal,  lo  combine  with  oxygon,  as  in  ordinary 
combustion,  is  a  familinr  example  of  this  ;  nnd  ns,  in  this  form  of 
experiment,  the  combustion,  once  begun,  produces  a  great  amoupit 
of  heat  without  external  aid,  it  is  in  this  manner  that  heat  ]!< 
obtained  and  rendered  avaihible  for  the  useful  purposes  above 
alluded  to. 

A  gaseous  body,  which  under  ordinary  circumstances  wilt  noi 
combine  with  another  substance,  may  be  made  to  do  so.  if  pre- 
sented to  it  in  the  nasciinC  stute,  that  is,  while  it  is  sepnnUing  from 
another  solid  or  liquid  body.  Thus  hydrogen  gas,  if  formed  in 
contact  with  sulphur,  will  not  combine  with  it ;  but  if  (he  hydro- 
gen be  formed  by  the  action  of  an  acid  on  sulphide  of  iron,  tlu- 
sulphur  is  presented  lo  the  gas  at  the  very  moment  at  which  the 
former  is  separating  from  the  iron,  (in  the  nascent  state,  as  it  ii; 
called.)  and  the  gas  which  is  now  disengaged  is  a  compound  of 
eulphur  and  of  hydrogen. 

It  sometimes  happens  that  the  combination  of  two  bodies  is 
promoted  by  the  presence  of  a  third,  which  does  not  combine 
with  either  of  the  two,  nor  even  with  the  resulting  compound. 
Thus,  if  oxygen  and  hydrogen  gases  be  mixed,  they  do  not  com' 
bine  ;  but  the  contact  of  spongy  platinum  causes  their  immediate 
union,  although  the  metal  combines  neither  with  oxygen  nor  with 
hydrogen,  nor  with  water,  the  product  of  their  combination. 

But  in  all  cases  where  the  third  body  has  a  powerful  affinity 
for  the  resulting  compound,  its  effect  in  promoting  combination  is 
very  great,  and  has  got  the  name  of  predisposing  affinity.  Thilk. 
sine  does  not  decompose  water  ;  but  if  sulphuric  acid  be  added, 
the  water  is  decomposed,  its  oxygen  uniting  with  the  zinc.  In 
this  case,  according  to  the  usual  explanation,  the  oxide  of  sine 
formed  unites  with  the  acid,  and  the  affinity  of  the  acid  for  tin- 
oxide  of  zinc  is  called  a  predisposing  affinity,  as  if  the  ncid  had 
caused  the  formation  of  oxide  of  zinc  because  of  its  affinity  for 
that  oxide  when  formed.  In  truth,  however,  all  the  changes  that 
occur  are  strictly  simultaneous,  and  the  phrase  "  predisposing 
affinity,"  is  not  an  accurate  one.  It  is,  however,  sufficiently  con- 
venient and  expressive  to  be  a  good  deal  used  in  regard  to  similar 
cases. 

When  two  bodies,  A  and  B,  ore  in  combination,  the  force  with 
which  they  are  actually  held  together  is  not  dependent  alone  on 
their  mutual  affinity,  but  also  on  their  relative  mass.  In  the  com- 
pound ABB.  A  is  retained  by  a  greater  force  than  in  AB.  This 
IS  the  result  of  the  increased  mass  of  B.  Or  we  may  view  it  thus: 
In  the  compound  AABB,  the  first  A  may  be  moved  with  com  para- 
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five  facility,  the  relative  masses  of  A  and  B  being  equal.  But  after 
the  removal  of  the  first  A,  the  mass  of  B  is  relatively  doubled, 
and  the  second  A  requires  for  its  removal  a  much  greater  force, 
it  is  obvious  that,  conversely,  in  ABB,  the  second  B  is  less  forcibly 
rutninini  than  the  B  in  AB. 

When  a  body.  A,  is  presented  to  two  bodies,  B  and  C,  for  each 
of  which  il  has  affinity,  although  unequal,  then,  if  nothing  inter* 
fere,  A  will  divide  its^elf  between  B  and  C,  according  to  its  affinity 
fur  each.  But  the  effect  of  moss  is  seen  here  also ;  for  if  tbe 
mass  of  C,  the  body  for  which  A  has  least  affinity,  be  much 
larger  than  that  of  B,  then  the  division  will  be  no  longer  in  the 
ratio  of  the  affinities  to  A,  but  C  will  obtain  more,  and  B  less  of  A. 

When  to  a  compound  body,  AB,  another  body,  C,  is  added, 
having  an  affinity  for  B,  both  combination  and  decomposition 
occur :  for  AB  is  decomposed,  and  at  the  same  time  B,  which 
separates  from  A,  enters  into  combination  with  C.  It  does  not 
often  happen  that  the  mere  force  of  affinity  is  sufficient  to  complete 
suoh  a  change,  but  such  cases  do  occur  ;  as  where  iron  acts  on  a 
salt  of  copper,  or  copper  on  a  salt  of  silver,  the  one  metal  taking 
the  place  of  the  other,  and  the  latter  being  entirely  separated. 

More  frequently  a  part  only  of  B  is  separated  from  A  and  com- 
bines with  C ;  and  thus  there  are  present,  at  the  same  time,  the 
compounds  AB  and  BC,  while  part  of  A  and  of  C  exists  in  the 
free  or  uncombined  state  along  with  them. 

If  now  the  free  A  be  removed  from  the  mixture,  the  free  C, 
being  unresisted,  at  last  effecLs  a  complete  separation  of  A.  The 
removal  of  the  free  A  is  effected  either  when  that  body  assumes 
the  solid  form  by  virtue  of  its  great  cohesion,  or  when  it  takes  the 
form  of  gas  in  consequence  of  its  feeble  cohesive  power,  or  of  the 
Application  of  heat.  The  precipitation  of  an  insoluble  oxide  by  a 
soluble  alcali  is  un  example  of  the  former;  the  formation  of  glass 
by  the  fusion  of  silicic  acid  with  carbonate  of  potash  is  an  illustra* 
tion  of  the  latter  case.     Similar  cases  are  of  constant  occurrence. 

In  both  cases,  the  decomposition  is  the  more  easy  and  com- 
plete, the  larger  the  mass  of  the  decomjwsing  body  C  employed. 
And  from  this  follows  the  curious  fact,  that  if,  in  any  given  tem- 
perature, we  can  alter  the  fofm  or  the  mass  of  either  of  the  bodies 
which  act  on  one  another,  the  result  of  the  experiment  is  likewise 
altered  :  nay,  it  may  actually  be  reversed.  Thus,  if  oxide  of  iron 
be  exposed  at  a  red-heat  to  a  current  of  hydrogen  gas,  the  oxide 
is  decomposed,  its  oxygen,  with  the  hydrogen,  forming  water, 
while  the  iron  is  reduced  to  the  metallic  state.  But  if  now  the  iron 
be  heated  red-hot,  and  exposed  to  a  current  of  the  vapor  of  water, 
the  water  is  decomposed,  its  oxygen,  with  the  iron,  forming  oxide 
of  iron ;  while  the  nydrogen  is  reduced  to  the  free  state. 

Decomposition  is  rendered  complete,  not  only  when  the  body 
An  which  is  separated,  assumes  the  solid  form,  but  also  when  A 
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ranBins  liquid  or  disaolTed,  luid  the  new  body,  BC,  takes  the  Bolid 
form,  or  is  iosolable.  Hence  the  nntare  of  tbe  liquid,  in  which  a 
chemical  action  goea  on,  eierta  a  inost  important  influence  on  the 
result  of  the  action. 

When  liTo  compound  bodies,  AB  and  CD,  act  on  one  another, 
both  decomposition  and  combination  occur.  When  complete,  the 
change  is  called  double  decomposition,  since  both  AB  and  CD  are 
decomposed  ;  but  at  the  same  time  the  two  new  combinatjons,  AD 
and  CB  have  been  formed.  Should  tlie  change  be  only  partial, 
the  four  compounds  AB,  CD,  AD,  and  CB,  will  be  present  together. 
Double  decomposition  is  of  very  frequent  occurrence. 

In  cases  where  a  compound,  AB,  cannot  be  decomposed  by  a 
body,  C.  even  with  the  aid  of  a  high  temperature,  the  addition  of 
a  fourth  body,  D,  if  it  have  an  affinity  for  A,  while  there  is  an 
affinity  between  C  and  B,  will  often  enable  us  to  accomplish  the 
decomposition.  Thus,  oiide  of  aluminum  cannot  be  decomposed  by 
charcoal  even  nt  a  wliite-heat :  but  when  a  current  of  chlorine  gas 
is  passed  over  the  mixture,  the  chlorine,  by  virtue  of  its  affinity  for 
aluminum,  added  to  that  of  carbon  for  oxygen,  effects  the  decom- 
position, and  we  obtain  chloride  of  aluminum  and  oxide  of  carbon. 

When  a  compound  of  three  or  more  elements  is  exposed  to  a 
high  temperature,  the  elements  unite  lo  form  such  new  compounds 
as  are  not  decomposable  by  the  temperature  employed. 

If  such  a  compound  be  heated  along  with  a  body  which  is  capa- 
ble of  forming  with  some  of  the  elements  in  certain  proportions  a 
more  fixed  compound,  the  remaining  elements  give  rise  to  one  or 
more  new  and  more  volatile  compounds. 

The  two  last  arc  the  principal  laws  which  regulate  the  phenom- 
ena of  the  destrucUve  distillalion  of  organic  substancee. 

Such  are  the  most  important  facts  in  regard  to  the  circumstanCM 
under  which  combination  and  decomposition  occur.  We  now  come 
to  the  subject  of  the  proportions  in  which  bodies  combine  together,  or 
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The  experience  of  chemists,  derived  from  many  thousand 
analyses,  has  L-stablished  the  following  laws ;  which,  however,  are 
purely  the  expression  of  ascertained  iaets,  and  involve  no  hypothe- 
sis wlialever ;  — 

1.  The  quantity,  by  weight,  of  the  body  B,  which  is  taken  m> 
by  a  given  weight  of  the  body  A,  to  produce  the  compound  AB, 
is  definite  and  unchangeable.  Thus  8  grains  of  oxygen  are  inva- 
riably taken  up  by  1  grain  of  hydrogen  (in  round  numbers)  lo 
produce  water  :  or,  in  other  words,  9  grains  of  water  are  invaria- 
bly composed  of  8  grains  of  oxygen  and  1  of  hydrogen. 

2.  When  a  body  A  combines  with  a  body  B  in  more  propor- 
tions than  one,  producing  more  than  one  distinct  compound,  th« 
qaanti^,  by  weight,  of  B,  which  is  nnited  to  the  same  weight  of 
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A  in  the  differciit  compounds,  increases  according  to  one  of  two 

ratios.     According  to  one,  the  series  of  compounds  formed  is  — 

A-(-B,  liteompound  .  B^I 


A  +  BBBB,        4th        do B  =  4 

A  +  BBBBB,    '  fith         do.  .         .         .  B  =  6 

According  to  the  other,  the  series  of  compounds  is— 
A  -I-  BBB,  Ist  compound,  .  A  :  B  =  1  :  3 

A -j- BBBBB,       and        do.  .     .A:B=1:5 

A  +  BBBBBBB,  »rd        do.  .        .  A  :  B  =  1  :  7 

The  compounds  of  nitrogen  and  oxygen  offer  an  example  of  the 
first  series  of  multiple  proportions.    In  the  first  of  these  compoontte, 
14  gn.  of  nitrogen  are  united  with  8  of  oxygen. 
In  the  2nd.    14  „  „  „    16 

„       8rd.     14  »  »  .,    24  „ 

„       4tb.     14  „  „  „    33 


series.    In  the  first  of  these  compounc 

76'4  gra.  of  arsenic  are  united  with  34  of  oxygen. 
In  theSnd.  76-4  „  „  „     40        „ 

Here  the  quantities  of  oxygen  increase  in  the  ratio  of  3  to  6. 

3.  The  proportions,  by  weight,  in  which  bodies  combine,  are  pro- 
portional to  each  other.  That  is,  if  a  given  weight  of  A  unite  with 
weights  of  B  and  C,  which  arc  to  each  other  as  3  ta  4,  for  example, 
then  if  a  fourth  body,  D,  unite  with  B  and  with  C  also,  the  weights 
of  B  and  C  combined  wiUi  D  will  likewise  be  to  each  other  as  3  (o  4. 

Thus,  100  grs.  of  potassium  unite  with  20-41  grs.  of  oxygen ; 
100  grs.  of  potassium  unite  also  with  4106  grs.  of  sulphur.  Now 
100  grs.  of  silver  nnite  with  7'39  grs.  of  oxygen,  and  also  with 
14-88  grs.  of  sulphur.  According  to  this  law,  we  find  that  7'39  : 
14-S8  : :  2041  :  41-06  ;  or,  in  other  words,  that  the  weights  of 
oxygen  and  sulphur  which  unite  with  100  grs.  of  silver  bear  to 
each  other  the  same  proportion  as  the  weights  of  those  elements 
which  combine  with  100  grs.  of  potassium. 

Another  consequence  of  this  law  is,  that  the  weights  of  two 
bodies  which  combine  with  the  same  weight  of  a  third  body,  will 
also  represent  the  weights  of  these  two  boues  which  unite  together, 
if  they  are  capable  of  combination ;  or  if  the  proportions  should 
not  be  precisely  the  same,  they  will  be  found  to  be  multiples  or 
mbmultcples  of  those  weights. 

Thus,  8  grains  of  oxygen  combine  with  I  grain  of  hydrogen  to 
form  water;  and  8  grains  of  oxygen  combine  with  16  of  suiphur 
tn  form  hyposulphnrons  acid.  Now,  sulphur  and  hydrogen  com- 
bine together  to  form  hydrosnlphuric  acid ;  and  that  compound  ia 
found  to  contain  snlphur  and  hydrogen  in  the  proportioa  of  16  gn. 
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oftlie  fonner  to  1  gr.  of  tbc  latter.  The  same  elements  form  another 
compound,  the  persulphide  of  hydrogen ;  and  in  this  the  propor- 
tions are  32  of  sulphnr  to  1  of  hydrogen.     Now  3S  =  16  X  2. 

If,  therefore,  we  know  the  weights  of  two  bodies,  fi  and  Ci 
which  combine  with  a  given  weight  of  A,  we  also  know  the  relat- 
ive weights  in  which,  or  in  muhlpjes  or  submultiples  of  which,  B 
and  C  will  combine  together. 

Now  oxygen  is  capable  of  uniting  with  all  the  other  elements, 
(save  perhaps  with  fluorine) ;  and  therefore  if  we  ascertain  by  ex- 
periment the  weights  of  the  different  elements  which  combine  with 
a  given  weight  of  oxygen,  the  weights  thus  obtained  will  inform 
us,  not  only  in  what  proportions  (or  their  multiples)  these  elements 
combine  with  oxygen,  but  also  in  what  proportions  (or  their  mul- 
tiples) they  comUnc  with  each  other,  provided  they  are  capable 

It  is  obviously  of  no  importance  what  number  we  select  to  rep- 
resent the  standard  weight  of  oxygen,  to  which  the  other  elements 
are  referred.  On  the  Continent  100  is  usually  taken,  and  the 
combining  numbers  of  the  other  elements  nre  referred  to  oxygen 
as  100.  In  this  country,  for  the  sake  of  convenience  in  calcula- 
tion, advantage  has  been  taken  of  the  fiict  that  the  combining 
weight  or  number  of  hydrogen  is  the  smallest  of  all,  and  hydrogen 
has  consequently  been  made  the  standard,  with  the  number  I. 
Now  as  I  of  hydrogen  is  found  to  combine  (in  water)  with  8  of 
oxygen,  it  is  obvious  that  if  hydrogen  be  represented  by  1,  oxy- 
gen will  he  represented  by  8.  Again,  on  the  Continental  scale, 
oxygen  being  IOC,  hydrogen  must  be  'f  =  12-6,  the  proportion 
being  preserved  exactly  the  same.  So  that  it  is  equally  correct  to 
Bay  that  water  is  composed  of  100  grs.  of  oxygen,  combined  with 
12-6  of  hydrogen,  and  to  say  that  water  consists  of  8  grs.  of  oxy- 
gen and  I  of  hydrogen.  Both  scales  arc  so  extensively  employed, 
that  the  chemist  ought  to  be  familiar  with  both,  and  accomingly, 
both  are  subjoined.  It  is  hardly  necessary  to  point  out  that  toe 
numbers  of  the  scale  in  which  oxygen  =  100,  which  we  shall  call 
the  oxygen  scale,  may  be  easily  reduced  to  those  of  the  other,  or 
hydrogen  scale,  in  which  oxygen  :=  8  by  dividing  the  former  by 
12-6  ;  and  that  conversely  the  numbers  of  the  hydrogen  scale,  if 
multiplied  by  125,  are  converted  into  those  of  the  oxygen  scale. 

The  numbers,  then,  attached  to  the  names  of  the  elements  in 
the  subjoined  Table,  are  the  results  of  experience,  and  merely 
represent  the  relative  weights  of  the  elemenU  which  (or  multiples 
of  them)  combine  with  100  of  oxygen  on  the  one  scale,  and  with 
8  of  oxygen  on  the  other.  In  this  work  we  shall  use  the  numbers 
of  the  hydrogen  scale :  but  the  table  of  the  other  scale  will  be  of 
use  to  those  who  read  foreign  chemical  works  ;  and  the  numbers 
of  one  scale  may  at  any  time  be  sobstituted  for  those  of  the  other, 
provided  we  do  not  mix  them  up  together. 
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The  numbur  39,  attached  to  potnssium,*  expresses  the  fact  that 
39  grains  of  potasaium  combine  with  C  of  oxygen,  and  16  of  sul- 
phur; 8  and  16  being  the  numbers  respectively  tLttnched  to 
oxyi^cn  and  sulphur. 

These  numbera  further  express  the  facts,  that  if  we  wish  to 
convert  47  grains  of  oxide  of  polussjum,  composed  of  39  of  potas- 

•  Han  the  fneUona,  far  cooTaultiice,  aro  funlltad. 
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sinm  and  8  of  oxygen,  into  sulphide  of  potasxiuDi,  16  grs.  of 
sulphur  will  be  required  to  displace  the  8  of  oxygen,  and  will  give 
55  grains  of  sulphide. 

We  thus  perceive  that  16  grains  of  sulphur  are  the  equivalent 
of  8  grains  of  oiygen,  Henct:  llie  term  "equivalent"  is  used  as 
svnonymous  with  combining  proportion,  and  we  shall  in  this  work 
employ  the  term  equivalent  by  preference. 

When  an  element  combines  with  oxygen  in  only  one  proportion, 
the  equivalent  of  that  element  is  the  weight  which  combines  with 
8  for  on  the  other  scale  with  100)  of  oxygen.  Or  we  may  cal- 
culate the  equivalent  from  the  compound,  if  there  be  one,  of  the 
element  with  chlorine. 

Thus,  in  the  oxide  of  potassium  (potash),  39  grs.  of  potassium  are 
combined  with  8  of  oxygen.  If  there  were  no  other  compound  of 
potassium  and  oxygen,  we  should  take  39  for  the  equivalent  of  pot- 
assium But  there  is  another  compound  of  these  elements,  and  in 
order  to  acquire  certainty,  we  refer  to  the  compound  (there  is  but 
one)  which  potassium  forms  with  chlorine.  We  find  this  to  contain 
S9  grs.  of  pota-ssium,  with  36  of  chlorine;  and  as  35  is  the  equivalent 
of  chlorine,  we  conclude  that  39  is  the  true  equivalent  of  potassium. 

Where  an  element  combines  with  oxygen  in  several  proportioiu, 
we  are  more  uncertain.  If  the  proportions  of  oxygen  belong  to 
the  series  of  simple  multiples,  the  equivalent  is  nsnally  calculated 
from  that  compound  which  contains  least  oxygen,  assuming  that 
to  contain  an  equivalent  of  oxygen. 

Thus  nitrogen  forms  G  compounds  with  oxygen.  In  the  first, 
14  grs,  of  nitrogen  are  combined  with  8  of  oxygen;  in  the  fifth, 
14  grs.  of  nitrogen  are  united  with  40  of  oxygen.  Taking  the 
former,  we  conclude  14  to  be  the  equivalent  of  nitrogen  ;  but  if 
we  selected  the  other,  then  the  equivalent  of  nitrogen  would 
necessarily  be  live  times  smaller.  On  the  ordinary  view,  we  con- 
nder  the  litth  compound  to  consist  of  one  equivalent  of  nitn^n  = 
14,  and  5  equivalents  of  oxygen  =  8  X  6  =  40.  But  it  will  be  seen 
that  this  is,  lo  some  extent,  arbitrary  ;  and  that  we  might  consider 
the  fifth  compound  as  formed  of  one  equivalent  of  each,  and  the 
first  as  composed  of  one  equivalent  of  oxygen,  and  5  of  nitrogen. 

The  usual  system  of  equivalents  above  explained  being  consistent 
'  and  uniform,  as  far  as  possible,  is  very  convenient ;  but  the  student 
must  remember,  that  while  the  combining  proportions  are  fixed,  it 
is,  in  any  one  compound,  a  matter  of  arbitrary  choice,  whether  it 
be  viewed  as  conlainiog  one  or  more  equivalents  of  any  element. 

A  very  large  proportion  of  elements,  however,  combine  among 
each  other  according  to  laws  so  simple,  that  when  we  have  as- 
sumed 8,  for  example,  to  represent  one  equivalent  of  oxygen,  we 
need  have  no  doubt  as  to  the  equivalents  of  the  other  elements. 

In  those  compounds  of  one  element  with  two  or  three  propor- 
tions of  anotber,  where  the  quantities  of  the  latter  are  not  simple 
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multiples,  but  belong  to  the  aeries  3:5:7,  much  greaieT  uncer- 
tainty prevails  as  to  the  equivaknts.  Thus,  nreenic,  untiniDny,  and 
Ehosphorus,  form  compounds  wiili  oxygen,  chlorine,  and  sulphur, 
elonging  to  tliia  latter  series ;  aittl  chemists  arc  not  fully  agreed 
whether  they  ought  to  consider  the  quantity  of  arsenic,  aDlimony, 
or  phosphorus,  which  combines  with  three  or  five  equivalents  of 
oxygen,  chlorine,  and  sulphur,  as  rcpresenljng  one  equivalent,  or 
two  equivalents.  The  same  doubt  occurs  in  other  eases:  and 
we  are  guided,  in  such  instances,  chiefly  by  probabilities,  and 
by  the  rule  to  avoid,  as  much  as  possible,  fractions  of  equiv- 
alents. Thus,  if  we  suppose  the  first  oxide  of  arsenic  to  con- 
tain 1  equivalent  of  arsenic,  and  1  of  oxygen,  the  aecond  must 
contain  1  equivalent  of  arsenic,  and  1}  equivalents  of  oxygen. 
We,  therefore,  prefer  to  consider  the  tirst  as  formed  of  2  eq. 
arsenic,  and  3  eq.  oxygen ;  and  the  second  as  formed  of  2  eq. 
arsenic,  and  6  eq.  oxygen.  There  is  still  a  third  way  by  which 
also  fractions  may  be  avoided ;  and  that  is,  to  make  the  first  a 
compound  of  1  eq.  arsenic,  and  3  eq.  oxygen ;  and  the  second  a 
compound  of  )  eq.  arsenic,  and  5  eq.  oxygen.  This  last  view, 
however,  does  not  in  many  cases  agree  so  well  as  the  preceding, 
with  the  composition  of  the  other  compounds  of  the  same  element. 

It  is  to  be  observed,  that  whichever  vievr  is  adopted,  the  facts 
of  the  proportions  remun  unchanged.  It  is  only  the  equivalent 
of  arsenic  which  requires  to  be  altered.* 

The  equivalent  of  a  compound  body  is  the  sum  of  the  equiva* 
lents  of  its  component  parts.  Thus,  potash  being  composed  of 
1  eq.  of  potassium,  39,  and  1  eq.  of  oxygen,  b,  its  equivalent  is 
39  +  8  =  47.  Sulphuric  acid  is  composed  of  1  eq.  of  sulplior,  18, 
and  3  eq.  of  oxygen,  24 ;  and,  consequently,  its  equivalent  is 
40^164-24.  As  in  the  case  of  elementary  bodies,  the  equivalents 
represent  the  combining  proportions.  Thus,  the  neutral  sulphate 
of  potash  contiuns  47  grains  of  potash,  and  40  grains  of  sulpnurio 
acid.  The  law  of  multiples  also  applies  to  compound  bodies  ;  for 
there  is  another  compound  of  sulphuric  acid  and  potash,  the 
bisulphate  of  potash,  in  which  47  grs.  of  potash  are  combined  with 
80  grs.  of  sulphuric  acid,  or  1  eq.  of  potash  with  i  eq.  of  the  acid. 

The  use  of  equivalents  enables  us  to  define  more  accurately 
some  of  the  more  important  classes  of  compounds. 

Oxygen  acids  are  compounds  of  one  or  two  equivalents  of  tbe 
metalloids,  and  of  certain  metals,  with  two  or  more  equivalents 
of  oiygen. 

,  Oxygen  bases  are,  without  exception,  compounds  of  metals  with 
oxjgen.  la  most  cases,  the  base  contains  1  eq.  of  the  metal, 
and  1  eq.  of  oxygen ;  in  a  few  bases  there  are  two  eq.  of  the 

•  Bioee  the  kbova  wu  written,  ehemlris  havo  pretty  geaeratlj  aimed  to 
double  the  •qnivalenta  of  phosplMnii,  antimony,  aol^nr  and  arsenic       S. 
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metal,  and  3  eq.  of  oxygen ;  and  in  one  or  two  tliere  are  i  eq. 
of  metal  to  1  eq.  of  oiygen. 

A  neulral  sail  is  a  compound  of  1  eq.  of  an  oxygen  acid,  with 
1  eq.  of  a  base  ;  or  a  compound  of  1  eq.  of  a  metal  with  1  eq. 
of  Uie  radical  of  a  hydrogen  acid.  Thus  neutral  aulphate  of 
potash  contains  I  eq.  of  sulphuric  acid,  and  1  eq.  of  potash  ;  while 
common  salt  is  composed  of  1  eq.  of  sodium,  and  1  eq.  of  chlorine. 

A  hydrogen  acid  is,  in  almost  every  case,  composed  of  1  eq. 
of  hydrogen,  and  1  eq.  of  a  radical  simple  or  compound.  Thus 
hydrochloric  acid  is  composed  of  1  eq.  of  faydrogen,  and  1  eq. 
of  chlorine  ;  and  hydrocyitnic  acid  is  formed  of  1  eq.  of  hydrogen, 
and  1  eq.  of  the  compound  radical  cyanogen. 

The  equivalent  of  an  acid  is  that  quantity  which  will  form  a 
neutral  salt  with  one  equivalent  of  a  base ;  and,  in  like  manner, 
the  equivalent  of  a  base  is  that  quantity  wliicb  forms  a  neutral 
salt  with  one  equivalent  of  an  acid. 

The  equivalent  of  potash  is  47.  Now,  in  order  to  form  & 
neutral  salt  with  47  grs.  of  potash,  64  grains  of  nitric  acid  must 
be  added :  54  is,  therefore,  the  equivalent  of  nitric  acid.  Agau, 
40  is  the  equivalent  of  sulphuric  acid ,  and  in  order  to  form  a 
neutral  salt  with  40  grs.  of  sulphuric  acid,  31  grs.  of  soda  are 
required.  Hence,  31  is  the  equivalent  of  the  base,  soda  or  oxide 
of  sodium. 

Since  the  equivalent  of  a  compound  body  is  the  sum  of  the 
equivalent  of  its  constituents,  it  follows,  that  if  we  know  the 
equivalent  of  a  compound,  and  the  relative  proportions  by 
weight  of  its  component  parts,  we  can  calculate  the  tnaiUier  of 
equivalents  of  each  element  contained  in  tlie  compound.  For 
example,  we  find  by  analysis,  that  100  grs.  of  hyposulpburic  acid 
are  composed  of  44'59  grs.  sulphur,  and  55-41  grs.  oxygen.  We 
klso  find,  by  experiment,  that  the  equivalent  of  hyposulpburic 
acid  is  73.  Now,  in  order  to  ascertain  the  number  ol  eqnivalenta 
of  sulphur  and  oxygen  contained  in  the  acid,  we  first  examine 
how  much  sulphur  and  oxygen  are  present  in  72  grs.  of  the  acid. 
It  is  clear  that  if  100  grs.  contain  44-69  of  sulphur,  72  will  con- 
tain 32  of  sulphur ;  and  the  remainder,  40,  must  be  oxygen. 
But  32  is  equal  lo  2  eq.  of  sulphur,  the  equivalent  of  sulphur 
being  16  ;  and  40  is  equal  to  5  equivalents  of  oxygen,  or  6  times  8. 
Hence  the  acid  in  question  is  composed  of  2  eq.  of  sulphur,  com- 
bined with  6  eq.  of  oxygen. 

The  rule  for  the  above  calculation  is  to  ascertain  the  proportions 
of  the  elements  in  the  equivalent  number  of  the  compound;  and 
as  these  proportions  represent  respectively  the  sums  of  the  equiv- 
alents of  the  elements,  to  divide  tbe  numbers  by  the  equivalents. 
In  the  above  case,  32  (the  proportion  of  sulphur  in  72,  the 
equivalent  of  the  acid) -^16  =  2  eq.  of  sulphur ;  and  40  (the  pro- 
portion of  oxygen  in  72  of  the  acid)  -j-  8  =  6  eq.  of  oxygen. 
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lu   v\uv.^  \mWix«  we  have  ascertained  the  proportions  of  the 

V  IvuK  ui-*  iu  II  vviu pound,  but  are  ignorant  of  its  equivalent  or 
vvMuKtuku^  |uv»^K>rtion,  we  cannot  determine  with  certainty  the 
(Un  vluu\  but  oulv  the  relative  number  of  equivalents  contained  in 
\lki  cxUkkpouiKl.  Vor  example,  it  is  shown  that  100  grs.  of  sugar 
oi'  luilk  cuulaiu  — 

Carbon 40*45 

Hydrogen 6-61 

Oxygen 62-94 

10000 
Uut  IU  HUgar  of  milk  enters  into  hardly  any  combinations,  we 
su4UUvk(  HAotrtain  its  combining  proportion  or  equivalent,  and  thus 
ii  i«,  of  courttc,  impossible  to  tell  how  many  equivalents  of  carbon, 
kvdrikgvn,  and  oxygen,  are  contained  in  1  eq.  of  sugar  of  milk. 
Uu(  \Vi)  vM\  ancertain  the  relative  numbers  of  equivalents  as  fol- 
k^wai.  l>ivide  the  weight  of  carbon  in  100  parts  of  sugar  of  milk, 
hy  \\\v  (!(|uivalent  of  carbon,  which  is  6  :  40*46-4-6  =  6*74.  Next, 
dividu  the  weight  of  hydro^n  in  100,  which  is  6*61,  by  the  equiv- 
ah«iit  of  hydrogen,  which  is  1  :  6-61  -r- 1  =6-61.  Lastly,  divide 
iiHtiU,  the  weignt  of  oxygen  in  100,  by  8,  the  equivalent  of  oxygen. 
M'U4  -7-8=6*61.  Here,  then,  the  relative  numbers  of  equivalents 
of  oarhon,  hydrogen,  and  oxygen,  are  represented  by  the  numbers 
U'74,  6*61,  and  6*61  :  or,  making  allowance  for  the  unavoidable 
errors  of  manipulation,  there  is  an  equal  number  of  equivalents  of 
cmoh.  We  cannot  say  whether  sugar  of  milk  contains  1,  2,  3,  4, 
6,  1  ^,  or  any  other  number  of  equivalents  of  each  of  its  elements ; 
we  only  know  that  if  1  eq.  of  sus^ar  of  milk  contains  6  eq.  of 
oarbon.  it  must  likewise  contain  6  oi  oxygen  and  6  of  hydrogen. 

When  a  body.  A,  combines  with  B  and  0,  and  the  number  of 
equivalents  of  B  and  of  C,  which  respectively  unite  with  1  or 
more  equivalents  of  A  is  equal,  the  compounds  A  B  and  A  0  are 
■aid  to  correspond  in  constitution,  or  they  are  called  correspond- 
ing compounds.  Thus  1  eq.  of  potassium  combines  with  1  eq.  of 
oxygen,  and  1.  eq.  of  potassium  combines  with  1  eq.  of  chlorine, 
and  we  say  that  chloride  of  potassium  and  protoxide  of  potassium 
(potash)  are  the  corresponding  chlorine  and  oxygen  compounds 
of  that  metal. 

When  two  compounds,  A  B  and  C  D,  respectively  consist  of  an 
equal  number  of  equivalents,  they  are  said  to  be  proportional 
eompounds.  Thus,  oxide  of  potassium  contains  1  eq.  of  oxygen, 
■id  1  eq.  of  potassium ;  hydrochloric  acid  contains  1  eq.  of  by- 
dn^n  and  1  eq.  of  chlorine  ;  and  we  say  that  the  composition  of 
hydrochloric  acid,  is  proportional  to  that  of  oxide  of  potassium 
(potash). 

When  two  proportional  compounds  mutually  decompose  each 
other,  the  resulting  compounds  are  likewise  proportional ;  and  we 
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have  a  complete  case  of  double  decomposition.  Thus  1  eq.  h]r> 
drochloric  acid  and  I  eq.  oxide  of  potassium,  act  on  each  otlier. 
and  ^ive  rise  to  water  (1  eq.  oxy^n  and  1  eq.  hydrofjen)  and  to 
chionde  of  potassium  ( I  eq.  chlorine  and  1  eq.  potassium),  which 
new  compounds  are  obviously  proportional.  Any  excess  of  either 
of  the  originnl  compounds,  beyond  the  1  eq.  required,  remains 
undecom posed,  and  mixes  with  the  new  compoundB. 

When  two  bodies  act  on  one  another,  which  are  not  proportional, 
they  may  do  so  in  the  proportion  of  1  eq.  of  each,  or  in  the  pro- 
portion of  1  eq.  of  the  one  compound  to  2  or  more  of  the  other. 

In  the  former  case  there  may  be  formed  — 

I.  Two  new  compounds.  Dot  proportional  to  each  other,  but 
corresponding  respectively  to  the  two  original  compounds,  or— 

8.  Two  new  proportional  compounds,  in  which  case  one  ot 
the  elements  of  one  of  the  original  compounds  must  be  partiaJlj 
separated. 

We  may  thus  have — 

1.  A  B  +  C  D  D  producing  A  C-(-BD  D;  or, 
3.  A  B-j-C  D  D  producing  A  C  +  B  D  +  D. 

In  the  latter  case  there  may  be  formed  — 

1.  An  equal  number  of  new  compounds,  not  proportional,  bat 
corresponding  to  the  original  compounds. 

2.  Two  new  compounds,  proportional  to  each  other,  in  which 
case  an  element  has  been  panislly  separated. 

3.  Two  new  compounds,  not  proportional,  and  one  of  which 
does  not  even  correspond  to  either  of  the  original  compounds. 
Here  also  an  element  has  been  partially  separated. 

We  may  thus  have  — 
I.  A  +  5  Bands  CD  producing  A-j-0  C  and  0  B  D. 
3.  A-fSBandaCD  producing  A  C,  3  B  D,  and  C. 
3.  A  -j-  li  B  and  fi  C  D  producing  A  -f  3  C,  A  B  D,  and  3  C. 

Numerous  examples  of  these  and  of  many  similar  modes  of 
decomposidon  will  occur  in  the  course  of  this  work.  For  the 
present,  our  space  makes  it  necessary  to  confine  ourselves  to  ths 
general  statements. 

Under  all  circumstances,  and  in  the  most  complicated  chemical 
changes,  the  composition  of  the  new  products  must  admit,  whea 
expressed  in  equivalents,  of  a  distinct  relation  being  traced  to  the 
composition  of  the  compounds  from  which  these  products  have 
been  derived.  It  is.  to  the  steady  appUcalion  of  this  priooiple 
to  the  investigation  of  the  complicated  decmnpositions  of  orgaaia  - 
compounds,  that  we  must  ascnbe  the  amaiingly  rapid  progress 
which  has  of  late  been  made  in  organic  chemistry. 

It  is  obvious  that  where  we  are  unable  to  U-ace  the  relation 
above  mentioned  between  the  products  and  the  substances  which 
yield  them,  this  must  be  looked  upon  as  a  proof  that  we  do  not 
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Tel  fully  untl<?r?:aml  the  chanjres  we  are  invt-sii^iinc: :  and  thai 
ve  areVithiT  mistaken  in  the  composition  whi'.-h  uur  analyses  lead 
us  to  assi^  to  one  or  more  oi  the  new  compounds,  ur  have  over- 
looked some  one  or  n^>re  of  the  products  aciuaily  formed. 

The  laws  ot  combination  which  have  been  briedv  indicated  ia 
the  iofv.^.»in4:  paires.  have  been  deduced  from  accurate  observa- 
tion, and  an*  nothing  more  than  an  abrid^:ed  expressit>n  of  facts. 
They  are  cons^'^uenily  eniirt-'ly  independent  of  any  theory  or  ex- 
planation 01  thiir  c.iusfS  which  may  be  attrmpced.  Xtiiher  is  it 
necessarv  to  aiumrt  anv  such  thev.>rv  or  explanation,  since,  for  all 
pnioiica:  punvscs.  the  facts  a.one  are  rtquirt'd. 

But  the  human  mind  is  never  satis  tied  wich  observin*^  and 
ascertaining  facts,  and  deducin;^  irom  them  those  i^neral  expres- 
sions which  are  callixi  laws  of  nature.  Man  evvr  strives  to  ac- 
count for.  to  explain,  that  which  he  has  observed  :  and  aIthou:^h 
his  exi'loiiauocs  never  reach  the  es«*:iice  of  thinip*.  but  only  tnable 
him  to  j;tT»eraiize  to  a  j:rea;er  cxtcn:.  and  to  apprvxich  som^rwhat 
more  ntor-y  the  lireat  First  Cause  of  all.  still  it  apjH'ars  to  br  a 
law  oi  his  intelleet,  that  he  shall  cever  ce;ise  tK>m  his  attempt^i  to 
explain,  by  re  ft- re  ace  :o  some  simple  principle,  the  complicated 
phenomena  by  which  he  is  surrv.^uiid«.d. 

The  facts  of  j^raviiauon  are  will  known.  ;vni  enti:le  us  to  admit 
the  law.  that  all  mau-rial  Kxlies  have  a  icadeucy  to  move  toward 
each  oiher  wiih  a  force  which  is  prv^pi^riiou.il  lo  their  masses,  and 
which  \arics  inversely  as  the  sijuarvs  of  their  Ji>cauc«:s.  To  ac- 
count for  this,  we  are  in  ilie  hab;t  of  assuming:  ^^^'  exisiencv  of  a 
certain  force  whi«.-li  we  call  the  attraction  of  ^ravi;^:ion.  But  we 
know  nolluiii;  ol  the  nature  of  this  force  :  ar.vi.  ;is>umir-.:  ;'.s  cxis:- 
ence.  it  i:*  oulv  kn\»wii  lo  us  bv  icji  etfecis.  Nor  d^.H.s  the  ossum?- 
lion  enable  us  to  understand  iv-ir.  in  nrfiKU  sctry,  i:  acts  in  aziroctiz  *■ 
uia.VM'!«  K^i  matter  toward  each  o^her. 

Hut  it  we  asHiime  the  existence  of  such  a  ter.-e.  ac::^^  .icconi.a.x 
to  the  alK»vo  law.  then  we  can  dcvluce.  as  neeess;iry  inftrvs-.-vs 
fl\uu  lhe.se  data,  all  the  pheuoiueua  which  have  beva  observed. 
»nd  luauy  which  ha«o  not  K'en  obsi-r^cd.  bu*.  wb'.-.-h  we  ore  ihos 
enabled  lo  aiiUeipale.  Therx*  i>.  there  lore,  .m  obv.ous  idv-onM^e 
iu  a.H!HUiinnk;  the  e\i««teiiee  ol  this  sup^x^'^ed  cause,  jls  w-  .ire  ihus 
enabled  to  tv  mem  her  a  nil  li»  clavsny  ihe  pheiionscna  n:-ioh  b«::er 
than  iu  iho  toiui  of  a  diy  calalv»i;ue  of  Ucts.  noc  otiaclied  '.o  jj:v 
cimuuvm  utea. 

If,  in  like  manner,  we  seek  tor  M^me  hy^vthesis  whii:h  shall 
aocouni  tor  the  laet^  ol  eiuubuialivm  u\  dettuiie  ;uid  mulupie  rr^* 
|HurtiouH,  iho  IiinI  olixiout  coiu'luMon  i-*  thai  ihe  cause  o:"  *.i:r.-se 
phemMiiena  mu'il  bv  iiiUiualel\  eoiuuvled  w::l\  ihe  mec!ur!..'ul 
ViUiMliiaUou  \'l  nmUei  \U\{  -.xiwx^  oui  '*e«'»e'4  are  tioi  c.iiMb  «  ,( 
diri*eilv  lakiiu;  co;.;uuam'e  ol  ilie  uUim.iie  ph\Mcal  kvusi::uueii  :i 
UMller.  and  bince  Ihr  ulliutate  euiiM^M  ol  natural  pheuoraena  ore 
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aleo  beyond  tbe  reach  of  our  senses,  ve  must  hare  recoarae  to 
induction  from  facta,  or  to  some  hypothesis  regarding;  the  constitn- 
tion  of  matter,  which  may  serve  to  enilatn  the  phenomena. 

Different  opinions  have  been  held  as  to  the  constitution  of 
matter  ;  but  two  in  particular  have  prevailed.  According  to  one, 
matter  is  susceptible  of  being  divided  ad  infinitmn ;  according  to 
the  other,  matter  is  formed  of  particles,  which  are  indeed  vetr 
minute,  far  too  minute  to  be  cognisable  by  our  senses ;  but  which 
atill  possess  a  definite  size,  and  cannot  be  divided.  They  are 
hence  called  aionu. 

Now  it  is  very  remarkable  that  if  we  assume  the  latter  view,  or 
that  which  is  called  the  atomic  constitution  of  matter,  to  be  cor- 
rect, and  if  we  further  assume  that  the  individual  atoms  of  differ- 
ent elements  possess  different  weights,  but  always  the  same  weight 
in  the  same  element,  we  can,  from  these  data,  deduce  all  the  facta 
of  combination  in  definite  and  multiple  proportions.  This  is  the 
theory  proposed  by  Dalton  —  The  Atomic  Theory. 

No  other  hypothesis  hitherto  proposed  is  capable  of  explunmg 
the  phenomena  ;  and  therefore  in  the  present  state  of  our  knowl- 
edge, and  until  a  better  ezptnnation  shall  he  given,  we  may  adnut 
the  atomic  theory.  It  is  to  be  observed,  however,  that  we  have 
no  positive  proof  of  its  truth,  nor  are  we  likely  to  obtain  such 
proof.  On  the  other  hand,  the  discovery  of  any  lact  mconsistent 
with  the  atomic  theory  would  compel  us  to  reject  it,  even  if  wo 
had  no  other  theory  to  supply  its  place.  But  whether  the  atomic 
theory  be  admitted  or  not,  the  facta  of  combination  in  definite  and 
multiple  proportions  remain  unaffected. 

Atomic  Thbobi. 

According  to  the  atomic  hypothesis,  therefore,  matter  is  com- 
posed of  certain  minute,  indivisible  particles,  or  atoms ;  and  con- 
sequeotly  cannot  be  divided  infinitely.  We  may  divide  a  mass  of 
matter  to  a  very  ^at  extent,  for  beyond  the  point  at  which  our 
senses  cease  to  be  able  to  follow ;  but  still  there  is  a  limit  to  divif- 
ibility,  and  we  should  reach  that  limit  if  we  succeeded  in  dividing 
so  far  that  the  resulting  particles  were  the  individual  atoms. 

Here  it  may  be  observed,  that  the  partisans  of  the  opinion 
according  to  which  matter  is  infinitely  divisible,  argue  thus  :  there 
is  no  conceivable  panicle  of  matter  so  small  that  we  cannot  con- 
ceive it  to  be  divided  into  two  halves,  and  so  on  ad  iTtfinitum ; 
therefore  there  is  no  limit  to  tbe  divisibility  of  matter. 

Now  while  we  admit  that  there  is  nu  hmit  to  mtr  conception  of 
the  divisibility  of  matter,  this  does  not  prove  that  there  may  not 
be  a  limit,  in  point  of  fact,  to  its  actual  divisibility.  For  let  ni 
consider  a  moment  what  division  really  is  ;  and  we  shall  find  that 
it  can  only  be  defined  as  the  separation  of  one  portion  of  matter 
from  others.     Now  as  matter,  in  its  usual   forms,  nndonbtedljr 
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^i^Ttatiu"*  ikL\^'^^*  ^^^^  together,  more  or  less  firmly,  by  cohesion, 
^^v.^^iH4ruoWfl!vl^*'^^_®*^^^y'  by  overcoming  cohesion,  separate 

ktui   ou  ih       .      ?''';^  ^'^^''  ^d  this  is  ordinary  divisio^ 
»^UvW^  U   lit  ,^1     *^.^yP^^«s»s,  each  of  these  visible  ordinary 
^vhvvia>f  t^!  /U  "^e  original  mass,  formed  of  sUll  smaller  particles 
^wU.  ihe  uh  ,  ^''  *^  neither  case,  in  absolute  contact     In- 

^*lvl.  Ucmimstrat"^!^*  ^l  ^^P*?^^^^  by  heat,  and  contraction  by 
WMituct :  iu  oth  ^*  particles  of  matter  are  not  in  absolute 
defined  as  a  «    f-*^  '^^ords,   an  ordinary  mjiss  of  matter  may  be 

Let  U8  now  d  *r*  ^-^  ^^"^^  ^  ^'*''^^^  -^'^^^  *^*^  *'*^^- 
••«^»-,  and  Wft  ^  ^^  *^  ^^°^  ^  "  ;>or<i(w  0/  «pace  entirely  fiUed  by 
of  division      It^^  *^  ?°^®  ^*'  ^"^^  *  °^^^  cannot  possibly  admit 
^*o*^  of  one  un'r  *l  ^t^*ctly  a  unit,  and  as  division  implies  separa- 
i»  not  meant  th  *  another,  it  is  here  evidently  impossible.     It 

^«  cannot  gv  ^^  ^^"^  prove  this  to  be  the  nature  of  atoms,  for 
illustTHtiou  P^ove  their  existence  :  but  the  object  of  the  above 

indivisible  *^  ^  sbow  that  we  can  conceive  the  existence  of  an 
bribed  in  r^^*^^*^^®*  and  therefore  that  the  argument  above  des- 
rily  conclu  ^^^^  ^^  ^^  infinite  divisibility  of  matter  is  not  necessa- 

words.  a  si^^f  ^^^^^  ^^  atom  as  has  now  been  defined,  or,  in  other 

by  its'eir  ^    f  Portion  of  matter  entirely  filling  the  space  bounded 

for  there  i  ^^  .^^^<^»  cannot  be  cut  in  two  like  a  mass  of  matter, 

of  a  cutti  *  ^-^  ^^terstice  into  which,  as  in  ordinary  matter,  the  edee 

b6  senar  .^j  ^^^'^nient  can  penetrate  ;  and  it  cannot,  being  a  unit^ 

particles    f     ^^^^  itself.     It  cannot  be  crushed  to  powder,  for  the 

solid  m        ^powder  existed  previously  as  distinct  particles,  in  the 

nloved     *T       latter,  and  were  only  separated  by  the  force  em- 

mto  th*    1     ^*^^ot  be  drawn  out  like  metal  into  wire,  or  beat  out 

^  leaves  ;  for  both  drawing  out  and  beating  out  are  merely 

nlv  ^^^^^^^^^^^^  of  a  plurality  of  particles,  and  we  have  here 

oreover,  such  a  particle  or  atom  would,  in  all  probability,  be 
'?  l!f  ^*nce  no  reason  can  be  assigned  why  one  dimension 
inould  exceed  another.  It  would  no  doubt  be  opaque  ;  for  trans- 
parency IS  the  result  of  the  passage  of  light  through  the  vacant 
spaces  between  the  particles  of  matter:  and  colorless,  because 
color  depends  on  the  action  of  the  particles  of  matter  on  light ; 
and  It  would  bo  perfectly  hard. 

In  short,  it  is  evident  that  we  can  imagine  indivisible  atoms  to 
exist ;  and  that  the  physical  properties  of  matter  are  not  in  any 
degree  inconsistent  with  the  idea  that  ii  is  made  up  of  such  atoms. 
The  atomic  hypothesis  goes  on  to  assume  that  the  atoms  of  the 
different  elements  possess  dififerent  weights,  but  that  those  of  the 
gome  element  possess  invariably  the  same  weight. 

The  third  assumption  is,  that  when  one  element  unites  with 
another,  the  atoms  of  ihe  two  respectively  combine.    Thus,  an 
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ntom  of  A  combtoes  with  an  atom  of  B,  to  form  na  Rtom  of  the 
componud  AB.  Or  two  atoms  of  A  unite  nith  three  atoms  of  B, 
lo  foipi  an  atom  of  ihe  compound  AABBB. 

A  dUtmction  must  here  be  made  between  eicuple  or  elementary 
Ktoms  and  compound  atoms.  It  is  obvious  ibat  an  atom  of  AB, 
if  it  contain  an  atom  of  A  and  an  atom  of  B,  may  be  decomposed, 
and  A  separated  from  B,  AB  is,  therefore,  not  an  atom  in  the 
fullest  sense  of  tbe  word.  Bui  A  cannot  be  separated  from  B  by 
mechanitial  means,  or  otherwise  than  by  chemical  agency  ;  so  t)iat, 
in  a  mechanical  sense,  AB  is  an  atom,  although  a  compound  one. 
A  mass  of  the  compound  AB  is  made  up  of  iDechanicaliy  indivi- 
sible, but  chemically  divisible,  particles  of  AB,  eitcb  of  which, 
although  it  may  be  called  an  atom,  cootuns  an  atom  of  each  of 
the  elements. 

The  abaoltUe  weight  of  the  atoms  of  the  diilerent  elements  is 
altogether  unknown.  If,  indeed,  we  had  any  means  of  ascertain- 
ing the  number  of  atoms  in  a  given  weight  of  any  element,  in  one 
Kain  for  einmple,  we  should  know  the  actual  weight  of  each  atom ; 
Lt  this  is  for  tlie  present  beyond  our  power. 

But  we  know  the  relative  weights  of  two  elements  which  com- 
bine to  form  a  given  compound  ;  and,  therefore,  if  we  assume  that 
the  compound  contains  one  atom  of  each  element,  we  know  at 
once  the  rtlalive  weights  of  the  atoms  of  those  elements.  Thus, 
8  grs.  of  oiygen  unite  with  1  gr.  of  hydrogen  to  form  9  grains  of 
water ;  and  we  assume  that  water  contains  1  atom  of  each  element, 
or  an  equal  number  of  atoms  of  each.  In  that  case  it  is  clear  that 
the  relative  wi'ighls  of  the  single  atoms  must  be  the  same  as  those  of 
what  are  assumed  to  be  equafnumbers  of  each ;  and,  consequently, 
I  atom  of  oiygen  will  be  eight  times  heavier  than  1  atom  of  hydro- 
gen. If  the  8  grains  of  oxygen  contain  8,000,000  of  atoms,  then 
1  atom  of  oxygen  would  weigh  yt>1>v(  "^  ^  gr^n,  and  1  atom 
of  hydrogen  tet^iii  '^^  f*  grain.  But  although  we  shall  most 
probably  never  know  the  actual  number  in  a  given  weight,  or  the 
absolute  weight  of  the  atoms,  we  are  not  the  less  sure  that,  if  mat- 
ter be  composed  of  atoms,  diBfering  in  weight  for  each  element, 
and  if  water  be  formed  by  the  union  of  an  equal  number  of  atoms 
of  oxygen  and  hydrogen,  then  1  atom  of  oxygen  must  be  eigbt 
times  heavier  than  I  atom  of  hydrogen. 

These  numbers,  then,  express  merely  the  relative  weights  of 
these  atoms:  on  the  above  assumptions,  8  represents  the  weight 
of  an  atom  of  oxygen,  if  an  atom  of  hydrogen  be  supposed  lo 
weigb  1;  and  125  will  represent  the  weight  of  an  atom  of  hydro- 
gen, if  an  atom  of  oxygen  be  supposed  to  weigb  100.  It  is 
evident  that  any  other  numbers  migm  be  used,  provided  the  ratio, 
in  this  case  that  of  8  to  I,  were  kept  up. 

It  is  now  easy  to  see,  that  the  atomic  hypothesis,  if  assumed,  a' 
once  explains  all  the  facta  of  combination  in  definite  and  multiple 
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pn>portions.  As  has  alrt'iiily  btH'n  romnrkod.  no  other  hypothesis, 
yrt  pn»pi^sod,  is  capable  of  doing  ihis :  and,  t  hi- re  fore,  while  we 
must  not  lose  si«;ht  of  the  fact  that  the  atomic  hypothesis  hM  noC 
been,  and  indet^d  pn^bably  never  will  be.  do mon^it rated  to  be  Ime, 
we  are  justititnl  in  adoptini*  it  until  it  shall  be  proved  to  be  fidse, 
or  uniil  a  better  one  shall  bi*  prv>p^>sed  in  its  stead. 

It  will  bt*  obsi^r^ed  that  the  weii;hts  of  the  atoms,  or  atomic 
weii;:hts,  as  they  are  termed,  coincide  with  the  equivalent  numbers 
previously  sjiven.  When,  therefore,  the  term  atomic  weight  is 
used,  it  is  not  us  implvinir  the  established  truth  of  the  atomic 
theory,  but  c»nly  as  a  cv^nvenient  synonym  for  the  term  equivslent, 
or  for  ih.it  of  ivnibinini;  proportion.  Whichever  name  we  use,  it 
must  never  be  fon^^^c  that  the  facts  rtnuiin  uncban^^d.  and  are 
independent  of  all  V.vixuhesLs.  9  :::ra:ns  of  waur  invariablv  coq- 
tain  $  of  oxyi^n  and  I  of  hydn.\:en.  whether  we  speak  of  the 
combining  propv^rtions,  the  equiv:ilen:s.  or  the  atomic  weights  of 
oxv^ii  and  hvdro-^'n  bein,:  rerresenttd  bv  :be  number*  S  and  I. 
The  two  former  expr^'ssiijns  have  the  :idvan::io;-  of  simply  exrress- 
ini;  the  fact  without  anv  allusion  to  brT>.^the<ts,  jnd  are.  therefore, 
strivHiv  speakinvr.  rreft?r.ib!e  ;  buc  the  !;i::cr  is  n:a.-h  used,  and  mav 
safely  be  employed  when  properly  dtcned. 

lu  this  country,  the  terms  ev^uivalen:  ar.d  atoRi  have  been  from 
the  K'ijinnini;  bild  iv^  b**  cniirv-'y  synonynv.^us.  On  the  Continent, 
this  has  not  K-eu  the  case  :  for  the  cquivu^T:  of  marv  elemen:^. 
such  as  hydrv»t:e«.  chlorine.  *!tc..  has  been  '.htre  issamed  to  c«."»a- 
t»in  "i  atoms ;  and  hence  the  atomic  w^i^h:  ct  hvdT*}fZ^Ti.  t't 
example,  has  been  on  the  Continent  or.e-ba^fof  :ba:  adocced  here. 

This  iH  a  matter  which  is.  to  a  -real  e\:cr!:.  arbi^rirv.*  and  or  V 
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(  s=  \  eviwivttlei\l>  Kif  hvdroi^vn  :  thev.  cvu:se.;uen-.:v.    rv^  v?  ^vd-^w 
^»n  the  rttvMiuc  wcii;hi  of  OC*.  thai  of  o\v;:^n  biia^  3  ;  .^r ""  ^5 
that  of  oxym'U  U-in^  UV,  "  ^  *      .    -     -  -  • 

U  is  iu»i  easy  ivi  I'lcvidc  whether  w«ler  be  cv^mposed  of  l  if.. 


vrivat  mlxaulHiio  of  muhmpi    MmpUciiv  :   and   ih^ic  <vs'tm  w-'' 
therefon*.  W  lolUiwvd  m  thin  work.     \YuMu  ihc  *isc  v^.  i\.  ...  .   '" 
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iar  th«  DM  of  that  table,  and  parti cnlarl]'  for  the  use  of  the  abbre- 
vialioiu  or  symbols  there  attached  to  the  elements,  in  ll^c  construe- 
tioaif  ionnula. 

Cheuic&l  Symbols  anb  Formuia, 


These  have  nothing  in  common  with  algebraical  synibola  aod 
fonnula.  Thej  are  mere  abbreviations,  and  nre  intended  to 
express  only  the  arithmetical  opcra'tions  of  addition  and  subtraction. 
Various  systems  have  been  given  to  the  world :  but  that  which 
has  finally  obtained  the  most  extensive  currency  among  the  chem- 
ists of  the  day,  is  one  proposed  by  Ldebig  and  Poggendorff,  which 
we  now  proceed  to  explain. 

The  symbol  of  an  element,  staoding  alone,  signifies  t  atom,  or 
equivalent,  of  the  element.  Thus  0  stands  for  I  atom  of  oxygen, 
H  for  1  atom  of'  hydrc^n,  and  Fe  for  1  atom  of  iron  (fernim.) 

A  symbol,  with  a  small  figure  below  and  to  the  right,  signifies 
as  many  atoms  of  the  element  as  the  figure  expresses.  Thus  0> 
means  2  atoms  of  oxygen, *&(,  5  atoms  of^sulpnur. 

Two  symbols  joined  by  the  sign  -f-,  or  simply  placed  t<wether, 
signify  a  compound  of  I  atom  of  each  element.  Thus  H-F  O,  or 
■imply  H  O,  means  water,  a  compound  of  1  atom  hydrogen,  and 
1  atom  oxygen. 

If  a  figure  be  attached,  as  above,  to  either  or  both  symbols,  it 
multiplies  that  symbol  only  to  which  it  is  attached.  Thus  Mn  Os 
is  the  symbol  for  peroxide  of  manganese,  a  compound  of  1  eq. 
manganese  and  2  eq.  oxygen.  Cut  O  is  the  symbol  of  subozidi*  ', 
of  copper,  composed  of  2  eq.  copper  and  1  eq.  oxygen.  Fei  Oa 
is  the  symbol  of  peroxide  of  iron,  which  contains  3  eq.  of  iron  and 
3  eq.  of  oxygen. 

When  a  compound,  formed  of  two  or  more  compounds,  is  to  he 
expressed,  the  compounds  which  combine  are  joined,  either  by  a 
-f  sign  or  by  a  comma.  Thus  H  0  -f  S  O..  or  H  O,  8  Os, 
both  signi^  bydrated  sulfuric  acid,  a  compound  of  1  eq.  water 
and  I  eq.  dry  sulphuric  acid. 

A  large  figure,  printed  on  the  same  level  as  the  symbol,  and  to 
the  left  of  it,  multiplies  evenf  symbol  as  far  as  the  next  comma, 
or  the  next  -f~  sign  ;  or  it  Bultiplies  all  within  brackets  if  plac«d 
before  them.  Thus  2H0  means  2  atoms  of  water,  2S0,,  EO,  ' 
H  0,  represents  bisulphate  of  potash,  a  compound  of  2  eq.  salphi^ 
ric  acid,  1  eq.  potash,  and  1  eq.  water.  It  might  also  be  written 
SSOs  +  KO-J-HO.  But  the  following,  2(S0«,  KO.HO) 
would  signify  2  eq.  of  a  compound  whiui  was  formed  of  1  eq. 
sulphuric  acid,  1  eq.  potash,  and  I  eq.  wal«r. 

When  a  compound  contains  3  or  more  elements,  the  symbols 
are  written  simply  one  after  the  other,  with  the  necessary  fignr«*. 
Thus,  sugar  is  represented  by  CuHibOm:  that  is,  12  m.  car- 
bon, 10  eq.  hydrogen,  and  10  eq.  oxygen.     Alcohol  is  (J4  ■•  Oa. 
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ougltt  to  be  obtxiaed.  Tbu«,  in  the  last  example,  wc  wish  to 
know  wliBt  proporlions  of  sugar  and  hypi-rmanganale  of  potash 
ought  lo  be  used,  that  nothing  of  either  should  be  wasted;'  and 
also  liow  much  oxalate  of  potAsli,  peroxide  of  manganese  and 
water  will  be  obtained.  By  means  of  the  above  equation,  and 
the  table  of  atomic  veighUi,  we  can  easily  make  nil  these  ealcula- 
tions.  Since  the  equivalent  or  atomic  weight  of  a  compound  is 
the  sum  of  Chose  of  its  elements,  it  is  obvious  that  the  equivalent 
of  sugar  is  equal  to  the  sum  of  12  eq.  of  carbon  ■+■  10  eq.  hydro- 
gen +  10  oxygen.  Now,  by  the  table,  the  equivalent  of  carbon  is 
6,  that  of  hydrogen  1,  ihat  of  oiygen  6.  Hence  the  equivalent 
offlugari8  =  6X  12+1  X  10+ 8  X  10  =  72+ 10 -f  80  =  162. 
In  like  mauner  the  equivalent  of  hy permanganate  of  potash  is  found 
to  be,  in  MUnd  numbers,  160.  For  every  162  parte,  therefore, 
of  sugar,  we  must  employ  6  times  160  ^  960  parts  of  hyperman- 
ganatc  of  potash.     The  whole  materials  employed  amount  to  1 1 22. 

On  the  other  hand,  we  obtain  of  oxalate  of  potash,  the  equiva- 
lent of  which  is  (in  round  numbers)  64,  6  equivalents  ^  604 ;  of 
peroxide  of  manganese,  the  equivalent  of  which  is  44,  13  equiva- 
lents =:  528 ;  and  of  water,  the  equivalent  of  which  is  9,  10 
equivalents  ^  90  ;  tbe  whole  products  amounting  toll  22. 

It  is  hardly  possible  to  exaggerate  Che  value  of  so  easy  a  method 
at  representing  chemical  changes,  and  of  making  all  the  necessary 
calculations  connected  with  them.  Every  chemist,  and  every  stu-  ^ 
dent  of  chemistry,  ought  to  be  quite  familiar  with  the  use  of  chei» 
ical  formula ;  and,  indeed,  without  this  knowledge  it  will  sosrtk*^ 
impossible  to  read  chemical  writings.  The  use  of  formula  enables 
the  writer  so  easily  to  put  before  his  readers,  in  a  very  small  space, 
any  conceivable  view  of  the  phenomena,  such  as  might  require 
pages  to  explain  in  words,  that  they  are  now  universally  employed. 

Even  in  uie  commonest  use  of  symbols  and  atomic  weights,  uiat, 
namely,  of  expressing  the  composition  of  any  compound,  the 
advantage  derived  from  tiieir  employment  is  immense.  Thus, 
previous  to  the  invention  of  table*  of  atomic  weights,  chemists 
could  only  express  the  composition  of  a  compound  by  giving  the 
proportions  of  the  elements  contained  in  100  parta.  For  examtd^b 
water,  the  protoxide  of  hydrt^en,  waa  found  to  consist  of — Hy- 
drogen, 11-11  ;  and  oxygen,  88'88,  in  100  parts  ;  while  tb*  dayt- 
oiide  of  hydrogen  was  tound  to  consist  of —  hydrogen,  &&  ;  M( 
oxygen,  94-11,  in  100  parts.  It  is  very  difficult  for  the  ta/Kawj 
to  retain  these  numbers  with  accuracy,  even  in  the  case  of  m  few 
such  compounds  ;  how  much  more  to,  then,  must  it  be  to  remem- 
ber the  compositJon  of  the*  numerous  bodies  with  which  tbe 
ebemist  is  constantly  occupied  T 

If  however,  we  have  recourse  to  eymbols,  we  have  only  to 
express  the  composition  of  water  by  H  0,  and  that  of  the  <fc~* — 
ide  of  bydrogeo  by  H  0>;  and  referring  to  tbe  taU^  of  i 
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weights,  we  find  that  the  former  contains  one  of  hydrogen  to  8 
oxygen,  and  the  latter,  1  of  hydrogen  to  16  of  oxygen.  Even  if 
we  could  not  retain  these  latter  numbers,  we  should  thus  still 
derive  great  benefit  from  the  use  of  symbols ;  but  the  fact  is,  that 
we  soon  learn  the  atomic  weights  of  the  more  important  elements, 
and  are  not  compelled  to  have  recourse  to  the  table  for  them. 

But  this  is  not  all ;  for  in  the  numbers,  as  given  in  100  parts* 
we  can  trace  no  relation  ;  and,  consequently,  if  we  commit  them 
to  memory,  must  do  so  as  bare  numbers.  In  the  symbols,  on  the 
contrary,  we  see  at  a  glance  that  the  same  quantity  of  hydrogen 
which,  in  water,  is  combined  with  a  given  weight  of  oxygen,  is 
combined  with  double  that  weight  in  the  deutoxide  of  hydrogen  ; 
and  we  are  thus  supplied,  not  only  with  a  fact,  in  itself  of  the 
highest  value,  but  also  with  a  link  by  which  the  composition  of 
two  substances  is  associated  in  the  memory,  and  therefore  retained 
with  facility. 

Before  quitting  this  part  of  the  subject,  it  is  well  to  point  out 
two  results  which  follow  from  the  atomic  theory. 

The  first  is,  that  since,  by  definition,  an  atom  is  that  which  can- 
not be  divided,  there  cannot  be  formed  a  compound  of  1  atom,  or 
equivalent  of  one  element,  and  4-  an  atom  (or  any  fractional 
number  of  atoms,  as  1^,  2^,  &c.)  of  another  element.  Should 
such  proportions  appear  to  exist,  they  must  be  so  expressed  as  to 
get  rid  of  fractions,  otherwise  they  imply  a  contradiction  in  terms. 
Thus,  for  example,  iron  combines  with  oxygen  in  two  proportions. 
In  the  first  compound,  or  protoxide  of  iron,  28  parts  (1  eq.)  of 
iron  are  combined  with  8  parts,  or  1  eq.,  of  oxygen.  We,  there- 
fore, assume  this  compound  to  contain  1  atom  of  each  element,  and 
express  it  in  symbols  by  Fe  O.  In  the  other  oxide,  or  peroxide  of 
iron,  28  parts,  or  I  eq.,  of  iron  are  found  to  be  combined  with  12 
parts  of  oxygen.  Now,  8  being  1  eq.  of  oxygen,  12  must  be  1^ 
eq.  But  as  it  would  be  absurd  to  call  this  oxide  a  compound  of  1 
atom  of  iron  and  1^  atoms  of  oxygen,  we  get  rid  of  the  fraction  by 
doubling  both  numbers,  and  we  represent  the  peroxide  of  iron  by 
Fes  O3.  Here  the  proportion  is  still  that  of  1  to  1^,  but  the 
absurdity  of  dividing  an  atom  is  avoided.  It  is  obvious  that  the 
•lomic  weight  of  the  compound  is  double  what  it  would  be  if  we 
had  retained  the  fraction  ;  for  Fes  =  66,  and  03,=  24  :  and  66  : 
S4  :  :  28  :  12.  As  the  proportion  is  still  that  of  1  to  1^  atom» 
although  there  are  in  reality,  2  to  3,  this  compound  is  frequently 
called  sesquiuxide  of  iron,  from  sesqui,  a  prefix  signifying  one  and 
a  half.  The  prefix,  U9qtd,  b  used  in  many  similar  cases,  precisely 
in  the  same  way. 

Of  course,  where  analysis  indicates  the  proportions  of  1  atom 
of  A  to  2|  or  3^  of  B,  we,  in  like  manner,  to  avoid  fractions, 
express  these  proportions  by  2  to  6,  or  by  2  to  7.  The  symbol  for 
imosphorio  acid  is  P  Oi :  that  of  hypermanganic  acid  is  Mn  Ot, 
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Tlie  eecoad  result  or  corollary  from  the  atomic  theory,  ia,  that 
wlieti  two  compounds  linvtnff  a  uommon  element  unite  together, 
the  amount  of  the  common  dement  in  tlic  equik'nlcnt  of  the  one  is, 
to  lis  amount  in  the  <^i]uivak'nt  of  ihu  other,  in  ii  rutio  which  mny 
be  expressed  by  whole  numbers.     Thus,  poWsh  ts  composed  of 

Eatassium  find  oxygen,  sulphuric  ncid  of  sulphur  and  oxygen. 
lere  oxygen  is  the  common  element.  Now,  in  an  equivalent  of 
potash,  KO,  there  is  one  atom  of  oxygen  ^=  8.  Id  an  equivalent 
of  sulphuric  acid,  S  Oi,  there  are  3  aloms  of  oxygen  =  24  ;  and  it 
is  obvious  that  the  oxygen  in  the  latter  is  to  that  m  the  former  as 
3:1.  This  relation  is  nt  once  seen  in  the  formula  of  the  com- 
pound,  sulphate  of  potash,  which  is  KO,  SOs  ;  and  it  pre 
'    ■  .      ^      .  .     •        ■  ■    ritli  h 


irily  in  all  neutral  compounds  of  Rulphuric  acid  witn  bases 
which  have  au  analogous  constitution.  In  nitrate  of  potash,  K  O, 
NOi,  the  ra^o  is  different,  being  as  5  :  1.  When  on  acid,  sucb 
as  sulphuric  acid,  forms  a  neutral  salt  with  a  base  of  a  constitnticm 
different  from  that  of  potash,  as,  for  example,  with  sesquioiide  of 
iron,  the  relation  of  3  to  I  is  still  kept  up  :  for  the  neutrul  sulphate 
of  sesquioxide  of  iron  is  Fes  Oi,  SOi,  In  a  compound  not  neu- 
tral, such  as  Fej,  Oi,  S  Oi,  which  represents  the  basic  sulphate 
of  sesquioxide  of  iron,  the  relation  is  different,  being  that  of  3  :  3 
or  1  :  I ,'  but  still  it  is  capable  of  being  expressed  in  whole 
numbers. 

COKBINATIOH  Br  VoLuuxa. 

When  two  gaseous  bodies  combine  together,  it  is  always  in  suob 
proportions,  by  volume,  that  1  volume  of  the  one  gas  combines 
with  one  or  two  or  more  volumes  of  the  other ;  and  if  the  resulting 
compound  be  gaseous,  its  volume  bears  some  simple  ratio  to  those 
of  ita  elements.  Thus,  1  vol.  hydro^n  combines  with  1  vol. 
chlorine,  to  produce  2  vol.  hydrochloric  ncid  ;  and  S  vol.  hydro- 
gen combine  with  1  vol.  oxygen,  to  form  *  vol.  of  the  vapor  or 
gas  of  water.  It  is  evident,  that  where  two  gases  combine  in 
Beveral  proportions,  the  law  of  multiple  proportions  must  prevail 
in  regard  to  the  volumes,  as  well  as  in  regard  to  the  weights. 
For  example,  in  the  five  compounds  of  nitroji;en  and  oxygen  for- 
merly mentioned,  i  vol.  nitrogen  are  combined  with  1,  Z,  3,  4, 
and  6  vol.  oxygen. 

The  volume  of  the  compound  is  in  all  eases  either  eqoal  to  tit* 
snm  of  tbe  volumes  of  its  component  gases,  or  less  than  that  sum : 
in  tbe  latter  case  condensation  has  taken  place.  It  follows  that  I 
Tol.  of  a  compound  gas  contains  either  1  vol.  of  each  of  its  con- 
Blituenta,  or  a  multiple  or  a  submultiple  of  a  volume  of  one  or 
both. 

It  is  easy  to  see  that  there  must  be  a  relation  between  the 
volume  and  the  weight  of  gaseous  elements,  since  the  law  of 
definite    proportions   can  be  traced  in  both.     Since  water,   fbr 
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3xample,  is  composed  of  0  parts  by  tc€i{fht  of  oxygen  to  I  of  hydro- 
Ijen,  and  of  2  parts  by  volume  of  hydroLcen  to  1  of  oxygen,  it  must 
>e  possible  to  construct  a  table  of  combining  volumes,  as  well  as 

tiible  of  atomic  weights ;  and  in  fact  this  may  be  done   in  re- 

ird  to  all  those  elements  which  mav  be  made  to  assume  the 

rm  of  gas,  and  even  in  regard  to  some  which  cannot  be  obtained 
that  form,  but  which  combine  with  gaseous  elements  to  form 

iseous  compounds. 

If  the  weight  of  a  given  volume  of  oxygen  be  called  I -000,  it 
will  be  found  that  an  equal  volume  of  hydrogen  will  weigh  sixteen 
times  less,  or  0*0625 ;  and  these  numbers  will  represent  the  relat- 
ive specitic  gravities  of  these  gases.  But  we  already  know  that 
in  water  1  vol.  of  oxygen  is  combined  with  2  vols,  hydrogen  ;  or, 
taking  the  specitic  gravities,  1*000  oxygen  with  2X0-626  =  0.125 
hydrogen.  Now  these  latter  numbers  are  precisely  the  atomic 
weights  or  equivalents  of  oxygen  and  hydrogen,  oxygen  being 
made  the  standard,  and  =  l-UOO.  Again,  1  vol.  hydrogen  com- 
bines with  1  vol.  chlorine,  to  form  hydrochloric  acid.  Now  if  one 
vol.  hydrogen  as  above,  be  represented  as  weighing  0*0625,  1  vol. 
chlorine  will  be  found  to  weigh  2*25 ;  and  these  numbers  are  to 
each  other  precisely  in  the  ratio  of  the  equivalents  of  the  two 
gases,  which,  on  the  oxygen  scale,  are  12*5  and  450,  or  on  the 
hydrogen  scale  1  and  36. 

It  was  for  a  long  time  supposed,  especially  among  Continental 
chemists,  that  equal  volumes  of  the  simple  gases  contained  equal 
numbers  of  atoms.  Were  this  the  case,  the  specitic  gravities  of 
the  gases,  compared  to  oxygen  as  a  standard,  would  of  necessity 
ccMncide  with  the  atomic  weights  as  compared  with  the  same  stan- 
dard :  and  would  at  all  events,  whatever  standard  might  be  em- 
ployed, bear  the  same  ratio  to  each  other.  Specitic  gravity  in  the 
gaseous  form  and  atomic  weight,  would  then  be  synonymous. 

Experiment,  however,  has  demonstrated  that  this  is  not  the 
case ;  but  that,  while  an  equivalent  of  one  element  is  represented 
by  one  volume  of  its  gas,  two  volumes  are  required  to  make  an 
equivalent  in  some  cases :  and  one-half  volume,  one-third  volume, 
or  even  less,  in  others.  In  the  following  table  will  be  found  the 
specitic  gravities  or  the  weights  of  equal  volumes  of  such  ele- 
ments as  admit  of  their  specitic  gravities  being  either  directly 
taken  or  calculated.  In  the  first  column  are  given  the  usual 
specific  gravities  compared  to  atmospheric  air  as  the  standard :  in 
the  second,  tlie  specific  gravities  compared  to  hydrogen  as  the 
standard,  in  order  to  show  the  relation  to  the  atomic  weights. 

It  will  be  observed  that  the  numbers  in  the  second  column  are 
not  the  same,  in  all  cases,  as  the  equivalent  numbers  of  the  ele- 
ments ;  but  many  of  them  are  so,  and  in  these  cases  a  volume 
represents  an  equivalent.  The  other  numbers  are  multiples  by  a 
whole  number  of  the  equivalent^  oxygen  being  represented,  for 
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erampte,  by  16  =  2X8,  and  sulphur  by  98  =  6X18.  This 
shows  that  if  an  equivalent  of  hydrogen,  chlorine,  be  represented 
by  1  Tol„  an  equivalent  of  the  oxygen  is  represented  by  |  vol., 
and  an  equivalent  of  sulphur  by  ^  vol. 


G««V.i»r. 

BpKiDo  QnTlUei. 

c™^«,^.-,n^| 

Alr^l. 

llTdrogcD-l 

Dj  Vol 

Ilj  Weight. 

Nitrogen 

Carbon  (hypothetical) 
Chlorine  ...... 

Iodine 

Bromine 

Mercury 

Oxygen 

Phosphorus     .... 

Araenic 

Sulphur 

0-0690 

0-9731 
0-4213 
3-4700 
8-7011 
6-3930 
6-9690 
11036 
4-3373 
10-3630 
66480 

1-00 
14-13 

6-ia 

35-84 

126-30 
78-40 

101-00 
16-00 
63-80 

150-80 
U6-48 

100 

iOO 
100 
100 
IOO 
100 
200 
60 
25 
35 
16-66 

1-00 
14-15 

6-13 
35-43 

126-30 
78-40 

202-00 
800 
15-70 
37-70 
16' 10 

The  knowledge  of  the  propor^ona  bj^  volume,  according  to 
which  bodies  combine,  and  of  the  specific  gravity  of  gaseous 
bodies,  enables  us  to  answer  a  great  many  questions,  and  t^cide  a 
great  many  doubtful  points  in  cueraistry.     Thus — 

I.  If  we  know  the  specific  gravity  of  two  simple  gases  and  the 
proportions  by  volnme  in  which  they  combine,  we  can  calculate 
the  composition,  by  weight,  of  the  compound.  Thus,  2  vols,  of 
hydrogen  combine  with  1  vol.  of  oxygen,  to  form  water.  Now, 
the  Sp.  G.  of  hydrogen  (Air=  1-000),  is  0-0694,  and  that  of 
ozTgen  is  1-1111.  Therefore  water  is  composed,  by  weight,  of 
0-0694  X  8  =  0-1388  of  hydrogen,  and  Mill  of  oxygen. 

8.  If  we  know  the  volumes  of  the  elements  of  a  compound, 
and  their  specific  gravities,  and  the  volume  of  the  compound,  we 
can  calculate  the  Sp.  O.  of  the  compound.  To  take  the  same 
example,  8  vols,  hydrogen,  Sp.  G.  =  00694,  and  1  vol.  oxygen, 
Sp.  (i.  =  1-1111,  combine  to  farm  2  vols,  vapor  of  water.  Now 
the  vapor  of  water  must  weigh  as  much  as  the  oxygen  and  hydro- 
gen taien  together,  that  is  0-0694X2+  Mill  =  1-2499.  But 
as  this  represents  the  weight  of  S  vols,  vapor  of  water,  the  weight 
of  1  vol.  vapor  of  water  (or  the  specific  gravity)  must  be  1>2499 
-1-2  =  0-6249. 

3.  If  wo  know  the  volume  and  the  Sp.  G.  of  one  of  the  two 
elements  of  a  binary  compound,  and  the  Sp.  G.  of  the  compound 
itself,  we  can  calculate  the  composition,  by  weight,  of  (he  com- 
pound. Thus,  1  vol.  carbonic  acid  gns  contains  1  vol.  of  oxygen  ; 
the  Sp.  O.  of  carbonic  acid  gas  is  1-5239,  and  that  of  oxygen  as 
before  is  1*1111.  Subtracting  the  latternumbcr  from  the  former, 
we  hare  0-41Z8,  which  must  represent  the  weight  of  carboo 
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muted  n'ith   I'lllt  of  oxygen;  and  Ibis  is  the  composition,  by 
weight,  of  carbonic  ticid  gas. 

4,  If  ve  know  the  specific  gravity  of  a  compound  and  its  com- 

gwilion  by  weiylit,  we  can  circulate  ihc  composition  by  volume, 
iiunple  :  By  experiment  tbe  Sp.  0-.  of  the  vapor  of  aldehyde 
(the  weight  of  1  vol.)  was  found  to  be  1-532;  and  the  analysis 
of  the  compound  sliotvcd  that  its  composition  by  weight  was,  car- 
bon fi5-024,  hydrogen  8*983,  and  oxygen  35-993,  m  100  parts. 
Kow,  in  order  to  ascertain  the  composition  by  volume,  let  us 
calcnlate  the  proportions  of  carbon,  hydrogen,  and  oxygen, 
in  1-632. 

If  100  parU  CootaJD  fiS-024  carbon,  1-533  contain  0-84379 
"  "        8-983  hydrogen  "       0-13760 

36-993  osygen  "        0-SS130 

Now  the  specific  gravity  or  weight  of  1  vol.  of  carbon  Is  hypo- 
thetical or  calculated;  it  is  assumed  to  be  0-42139  (see  table  :)  1 
Tol.  of  hydrogen  weighs  0-0694,  and  1  vol.  oxygen  weighs  1- 1 1 1 1. 
It  is  easy  to  sec,  therefore,  that  ]  vol.  of  the  vapor  of  aldehyde 
contains : 

3  volt,  vapor  of  carbon 0-84379 

a  vols,  hydrogen 01388 

J  vol.  oxygen 0-55A5 

It  is  obvious,  therefore,  that  the  linowledge  of  the  volumes  in 
which  gaseous  bodies  combine,  and  of  their  specific  gravities,  is 
of  great  value  to  the  chembt ;  but  we  must  not  forget  that  we 
have  no  evidence  that  equal  volumes  of  different  elements  contain 
an  equal  number  of  atoms ;  or,  in  other  words,  tbttt  the  term 
volume  may  he  substituted  for  atom  or  equivalent,  as  was  at  one 
time  supposed.  On  the  contrary,  all  the  recent  researches  on  this 
pwnt  go  to  prove  that,  in  the  case  of  many  elements,  a  volume 
corresponds  to  two  or  more  equivalents. 

ATOUIO  OR  SqUIVALENT  VOLDMSS. 

The  relation  between  the  atomic  weight  and  the  specific  gravity 
of  bodies  in  the  gaseous  form  has  been  briefly  indicated  in  the 
preceding  section.  But  the  subject  admits  of  being  conudcred 
under  dinerent  points  of  view,  according  to  the  notions  entertained 
of  tlie  atomic  constitution  of  gases.  On  the  supposition,  for 
example,  that  the  atoms,  or  ultimate  particles  of  all  elementary 
gases,  with  their  surrounding  spheres  of  heat,  possess  the  same 
volume,  all  such  gases  would  contain,  in  equal  volumes,  the  same 
number  of  atoms.  But  as  it  is  certain,  that  compound  gases  do 
not,  in  all  cases,  contain  the  same  number  of  atoms  in  equal  vol- 
umes, it  is  quite  possible  that  elementary  gases  may  also  differ  in 
this  respect ;  and,  as  above  stated,  the  combining  volumes  of 
■ulphur  and  of  some  other  elements  agree  with  this  eonclnwMi. 
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It  is  therefore  generally  admitted  that  equal  volumes  of  different 
elementary  gases  contain  different  numbers  of  atoms ;  that,  for 
example,  I  vol.  oxygen  contains  twice  as  many  aloms,  and  I  vol. 
sulphur  (in  the  form  of  gas)  six  times  as  many  atoms  as  t  vol. 
hydrogen,  1  vol.  nitrogen,  or  1  vol.  chlorine. 

This  obviously  implies  that  the  atoms,  with  their  spheres  of 
heat,  are  of  different  sizes;  and,  to  take  the  cases  above  men- 
tioned, that  the  atoms  of  oxygen  gas  are  ^  the  size,  and  those  of 
sulphur  }  the  size  of  the  atoms  of  hydrogen,  nitrogen,  chlorine, 
Ac.  This  is  what  is  called  the  atomic  volume  of  gases.  It  is  ncA 
meant  that  we  can  ascertain  the  absolute  volume  of  the  atoms, 
but  the  relative  or  comparative  volume  of  the  atoms  or  particles 
of  two  or  more  gases. 

Now,  since  the  specific  gravity  of  a  gas  depends  on  the  number 
of  aloms  in  a  given  volume,  and  on  the  weiglit  of  these  atoms,  il 
is  evident  that  the  atomic  weight,  divided  by  the  specific  gravity, 
must  give  the  (relative)  atomic  volume. 

For  example,  let  hydrogen  be  talien  as  the  standard  for  the 
specific  gravity  of  gases,  as  it  is  for  their  atomic  weights,  then  the 
atomic  weight  of  hydrogen,  ^  1,  divided  by  ils  specilic  gravity,  ^ 
1,  will  yield  the  quotient  I  for  the  atomic  volume  of  hydrogen. 
Again,  the  atomic  weight  of  oxygen,  =:  8,  divided  by  its  specific 
gravity,  =  16,  (that  of  hydrogen  =  h)  gives  the  quotient  0-6  or 
^,  as  the  atomic  volume  of  oxygen  ;  and  tlie  atomic  weight  of  sul- 
phnr,  =  16,  divided  by  its  specific  gravity  as  gas,  =  96,  (that  of 
hydrogen  =  1)  gives  the  quotient  01666  or  ^,  as  the  atomic  vol- 
ume of  sulphur. 

We  thus  see,  that,  on  the  supposition  above  adopted  that  the 
atoms  of  different  gases  differ  in  size,  we  can  prove  that,  whatever 
be  the  size  of  an  atom  of  hydrogen  gas,  an  atom  of  oxygen  gas 
must  be  half,  and  that  of  an  atom  of  sulphur  gas  one-sixth  that  size. 

It  is  further  obvious,  that  the  number  of  atoms  in  equal  volumes 
must  be  inversely  as  the  atomic  volume ;  or  that  the  specific  gravity 
of  a  gas,  divided  by  its  atomic  weight,  will  give  the  number  of 
atoms  in  a  given  volume.  Hydrogen  being  retained  as  the  stan- 
dard, then  we  have  |  =  1  ==  the  number  of  atoms  in  I  volume  of 
hydrogen :  —  y  ^  2  =  the  number  of  aloms  in  1  vol.  oxygen ; 
and  f  J  =  6  =  the  number  of  atoms  in  1  vol.  gas  of  sulphur. 

More  briefly,  the  atomic  volume  and  the  number  of  atoms  are 
the  inverse  of  each  other :  so  that  we  have  ^  and  6,  ^  and  2,  1 

If,  while  we  make  hydrogen  the  standard  of  atomic  weights,  we 
make  air  the  standard  of  the  specific  gravity  of  gases,  then  we 
obtain,  as  quotients,  a  series  of  numbers  equally  comparable 
among  themselves,  but  less  simple  and  easy  to  retain  than  the 
above.  We  should  have,  for  example,  1  -s-00694  =  14-409  for 
hydrogen;    8-i- 11026  =  7-2664  for  oxygen;   and  16-^6-9000 
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=  2*3188,  for  the  atomic  volurties  of  hydrogen,  oxygen  nnd  sul- 
phur respectively  ;  and  these  numbers  are  to  each  other  as  1 ,  ^, 
and  |. 

In  the  case  of  solids  and  liquids,  the  relation  between  atomic 
weight  and  specific  gravity  is  far  from  being  so  simple,  in  conse- 
quence of  the  force  of  cohesion  interfering  with  and  disturbing 
the  results.  We  cannot  ascertain  whether  the  atoms  of  solid 
bodies  have  the  same  size  in  different  bodies,  or  not;  and  we 
(^annot  tell  whether  the  difference  of  specific  gravity  depends  on  a 
difference  in  the  number  of  the  atoms,  in  an  equal  volume,  a  dif- 
ference in  the  size  of  the  atoms,  or  a  difference  in  the  size  of  the 
interstices  between  the  particles,  or  possibly  on  two  or  more  of 
these  causes. 

Some  chemists  assume  that  there  are  no  interstices,  but  that  the 
atoms  wholly  fill  up  the  space  within  the  circumference  of  the 
body.  On  this  supposition,  the  atomic  weight,  divided  by  the 
specific  gravity  (in  solids  and  liquids),  must  give  the  atomic  vol- 
ume. It  is  difficult,  however,  to  admit  the  absence  of  interstices 
or  pores  in  solids  and  liquids,  if  we  consider  them  formed  of 
atoms ;  and  it  is  perhaps  better  to  use  the  term  equivalent  volume 
instead  of  atomic  volume. 

The  equivalent  volume,  then,  of  a  solid  or  liquid  is  obtained  by 
dividing  the  atomic  weight'(or  rather  equivalent  number)  by  the 
specific  gravity  in  the  solid  or  liquid  state.  Water,  the  standard 
for  the  specific  gravity  of  liquids  and  solids,  may  be  made  the 
standard  of  equivalent  volumes. 

Thus  the  atomic  weight  of  water,  =  9,  divided  by  its  specific 
gravity,  =  1,  gives  the  quotient  9  as  its  equivalent  volume.  The 
atomic  weight  of  potassium,  39*26,  divided  by  its  specific  gravity, 
0*866,  gives  46*387  for  its  equivalent  volume ;  and  the  atomic 
weight  of  carbon,  6*04,  divided  by  its  specific  gravity  in  the  form 
of  diamond,  =  3*6,  the  quotient  1*726  for  the  equivalent  volume 
of  the  diamond. 

On  the  other  hand,  the  specific  gravity,  divided  by  the  atomic 
weight,  gives  the  relative  number  of  atoms  in  a  given  volume ; 
and  in  the  case  of  potassium  this  is  0*865 -r- 39*26  =  0*0220 ;  in 
the  case  of  carbon  it  is  3*6-=-  6*04  =  0*6794.  Finally,  in  the  case 
of  water,  the  relative  number  of  atoms  in  a  given  volume,  which 
may  be  made  the  standard,  is  1  -r-  9  =  0*  1 1 1 1 .  If,  for  con venien  ce, 
the  number  for  water  is  made  1000,  then  that  for  potassium 
becomes  198*0,  and  that  for  carbon  becomes  6216. 

Assuming,  likewise  for  convenience,  the  equivalent  volume  of 
water  (the  standard)  to  be  (instead  of  9)  1000,  the  equivalent 
volume  of  potassium  becomes  6043,  and  that  of  carbon  191*666. 

We  thus  perceive  that  the  equivalent  (or  atomic)  volume  of 
carbon  is  about  twenty-five  times  less  than  that  of  potassium,  and 
that  the  number  of  atoms  of  carbon  contained  in  a  given  volume 
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n  about  twentj-fire  times  greater  than  in  the  eaae  of  potnsaium. 
This  compression  of  bo  large  a  number  of  atoms  into  a  given  vol- 
ume may  be  (he  cause  of  the  great  hardness  of  the  diamond. 

The  whole  subject  of  equivalent  volumes  is  full  of  interest ;  bat 
as  chemists  have  only  recently  begun  to  study  solid  and  liquid 
bodies  in  this  point  of  view,  our  knowledge  on  the  subject  is  still 
very  imperfect  and  limited.  For  what  has  lately  been  done,  we 
are  chicHy  indebted  to  Kopp  and  to  Schneder. 

PUyfnir  and  Joule  have  very  lately  published  the  first  part  of 
an  elaborate  investigation  into  the  volumes  occapied  by  bodies, 
both  in  the  solid -form  and  ivhen  dissolved  in  water;  and  they 
have  obtained  results  of  an  unexpected  nature  as  well  as  of  very 
great  value. 

The  reader  is  referred  to  their  paper  in  the  Memoirs  of  the 
Chemical  Society.  Here  we  have  only  apace  to  allude  to  the  aub- 
ject,  and  to  mention  that,  among  other  curious  results,  ihese 
chemists  have  found  that  many  salts,  when  dissolved  in  water,  do 
not  add  to  the  bulb  of  the  water  more  than  is  due  to  the  water 
actually  present  in  the  salts.  Thus,  for  eiample,  aium.  1  eq.  of 
which  contains  S3  equivalents  of  Lhc  elements,  potassium,  alumi- 
num, sulphur,  and  oxygen,  besides  24  eq.  of  water,  dissolves  in 
water  without  increasing  its  bulk  more  than  the  addition  of  the  24 
eq.  of  water  roust  necessarily  do  ;  so  that  the  S3  eq.  above  men- 
tioned occupy  no  additional  space,  and  must  either  be  contained 
in  the  pores  or  interstices  of  tlie  water,  or  disappear  altogether  as 
fiir  as  the  occupying'  of  space  is  concerned,  if  .water  be  supposed 
to  have  no  porea. 

Tliey  have  further  shown  that  when  salts  do  add  to  the  bulk  of 
the  water  in  which  they  are  dissolved,  the  increase  of  the  bulk 
corresponds  to  that  of  a  volume,  or  some  multiple  of  a  volume, 
of  water.  It  is  evident  that  these  and  similar  researches  must 
soon  greatly  extend  our  knowledge  of  the  mechanical  constitution 
of  matter. 

IsOMORPBISU. 

Most  substances,  when  they  assume  the  solid  form  slowly,  so  as 
to  allow  the  panicles  lo  follow  their  natural  attractions,  exhibit, 
more  or  less  perfectly,  a  regular  form:  in  other  words,  they  crys- 
tallize. Thus  carbon,  when  slowly  deposited  in  the  form  of  dia- 
mond, assumes  the  form  of  a  regular  octohedron,  or  of  some  form 
geometrically  allied  to  it ;  and  common  salt,  a  compound  body, 
takes  the  form  of  the  cube  and  its  modifications,  including  the 
octohedron. 

Now  it  has  been  observed  that  the  same  substance  invariably 
crystalliEca  in  forms  belonging  to  the  same  system,  but  that  differ- 
ent substances  very  frequently  present  different  crystalline  forms. 
Thus,  while  diamond  cryslAUiies  in  regular  octoaedrons,  iodine 
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fonns  acute  rhombic  octohedrons :  and  while  common  salt  crys- 
tallizes in  cubes,  chloride  of  barium  yields  right  rhombic  prisms. 

It  hoppens,  occasionally,  but  rarely,  that  the  same  element  is 
capable  of  assuming  two  crystalline  forms,  belonging  to  different 
systems,  and  not  geometrically  connected  with  each  other.  Thus 
sulphur,  crystallizing  from  its  solution  in  bisulphide  of  carbon, 
forms  very  acute  rhomic  octohedrons,  but  when  melted  by  heat, 
and  allowed  to  consolidate  by  cooling,  it  yields  oblique  rhombic 
prisms. 

The  same  is  occasionally  observed  in  compound  bodies.  Thus, 
carbonate  of  lime,  in  its  common  form  of  Iceland  spar,  crystal- 
lizes in  obtuse  rhombohedrons  and  in  innumerable  varieties  of  that 
form  :  but  in  the  rarer  form  of  arragonite,  it  assumes  the  form  of 
a  rhombic  pnsm. 

These  cases,  and  others  which  are  analogous,  arc  to  be  explained 
by  a  different  arrangement  of  particles,  dependent  most  probably 
on  a  difference  of  temperature  at  the  period  of  the  formation  of 
the  crystals.  They  are  not,  however,  numerous  enough  to  affect 
the  general  law,  that  the  same  substance  always  assumes  the  same 
crystalline  form. 

But  the  admirable  researches  of  Gay-Lsssac  and  of  Mitscher- 
lich  have  established  the  fact,  chat  in  mapy  instances,  different 
compounds  assume  the  same  form.  Thus,  the  following  sub- 
stances, and  many  others,  take  the  form  of  ^Q  oube,  tetrahedon, 
or  regular  octohedron,  which  are  geometrically  connected :  chlo- 
ride of  sodium  (sea-salt),  chloride  of  potassium,  sal  ammoniac, 
bromide  of  potassium,  iodide  of  potassium,  sulphide  of  lead, 
fluoride  of  calcium,  bisulphide  of  iron,  arseniuride  of  cobalt,  sul- 
phate of  alumina  and  potash  (alum),  ammonia  alum,  chrome  alum, 
iron  alum,  sesquioxide  of  iron,  sesquioxide  of  aluminum,  sesqui- 
ojdde  of  chromium.  In  like  manner,  other  crystalline  forms  are 
found  to  be  common  to  many  different  compounds,  although  none 
occurs  so  frequently  as  the  cube  and  its  congeners. 

Now,  at  first  sight  it  would  appear  that  no  relation  whatever 
could  exist  between  the  form  of  these  numerous  and  very  different 
compounds,  and  their  composition.  But  on  closer  inspection,  they 
are  found  to  arrange  themselves  into  groups.  Of  tnese  groups, 
two  may  be  specified  among  the  compounds  above  enumerated. 
One  is  that  of  the  chlorides,  bromides,  iodides  and  fluorides  of 
metals,  having  the  formula  MR,  that  is,  1  at  metal  to  1  at.  radi- 
cal. This  includes  chloride  of  potassium  K  CI,  of  sodium  Na  CI, 
of  ammonium  (sal  ammoniac)  Am  CI  :*  to  which  may  be  added 
bromide  of  potassium  KBr»  iodide  of  potassium  KI,  and  fluoride 
of  calcium  Ca  F ;  and  this  group  is  a  very  large  one.  It  will  be 
observed  that  the  members  of  it  contain  an  equivalent  of  a  metal 


*  See  the  eeetion  on  Ammoniom. 
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united  to  1  equivalent  of  a  metalloid,  and  are,  therefore,  so  for 
analogous  in  compositiou.  The  next  ^oup  is  that  of  the  aluma. 
Common  alum  haa  this  formula : 

KO,  SOi+Al  tO>,3S09+34HO. 
Now  if  we  substitute  Hmmonium  for  potassium,  we  have 

AmO,  SOi  +  Ali  Os,3SOi  +  24HO: 
and  this  is  the  formula  of  ammoDia  alum.     Chrome  alam  is 

K  0,  S  Oj  +  Cm  Oi,  3  S  Oi  +  24  H  O  : 
and  another  may  be  formed  by  substituting  Am  for  K.     Iroo 

K0,80i  +  Fei  0.,3SO»  +  a4HO. 

And  here  nlso  another  alum  is  obtwoed  by  substituting  Am  for  K, 
A  cood  many  more  alums  may  be  procured  by  substituting  Na 
(sodium)  for  K,  and  Mn  for  Al,  that  is,  manganese  for  aluminum  ; 
and  all  these  salts  have  tlie  same  crystalline  form  and  the  same 
general  projwrlics.  Here,  as  in  the  former  more  simple  ^oup, 
Uie  analogy  in  constitution  is  at  once  obvious.     Every  alum  is 

mO,  SOs+M«  0»,3  80s+24HO: 
in  stands  for  a  metal  of  one  class,  such  as  potassium,  sodium  or 
ammonium  :  and  M  for  a  metal  of  another  class,  such  as  alumi- 
num, iron,  chromium  or  manganese.  It  appears,  therefore,  that 
a  salt,  containing  1  eq.  of  ■  neutral  sulphate  of  a  protoxide  of  one 
of  the  former  metals  (mO,  SOi),  along  with  I  eq.  of  a  neutral 
tersulphatc  of  a  scsquioxidc  of  one  of  the  latter  metals  (Mi  O3, 
3S0i).  and  24  eq.  water  (24 HO)  takes  the  crystalline  form  of 
common  alum,  the  type  of  this  group.  From  this  we  must  con- 
clude that  the  similar  arrangtjnent  of  particles  prevailing  in  all 
these  alums  is  one  chief  cause  of  the  similarity  in  form.  We  see 
that  the  particles  need  not  be  all  identical  in  two  similar  crystals ; 
for  example,  of  common  alum  and  of  iron  alum.  But  there  must 
be  an  analogy  between  those  elements  the  equivalents  of  which 
may  be  mutually  substituted  for  each  other.  Wc  find,  accord- 
ingly, in  all  other  relations  an  analogy  between  potassium,  sodium 
and  ammonium,  on  the  one  hand,  and  bettveen  aluminum,  iron 
chromium  and  manganese  on  the  other.  In  the  group  first  men- 
tioned, that  of  the  chlorides,  bromides  and  iodides  of  certain 
metals,  we  find  the  same  analogy  between  potassium,  sodium  and 
ammonium  on  the  one  side,  and  between  chlorine,  bromine  and 
iodine  on  the  other. 

Now,  to  these  groups  of  analogous  elements,  the  name  of  isomor- 
pbous  groups  has  been  given,  as  there  is  every  reason  to  believe 
that,  as  elements,  they  possess  the  same  form  (tiof,  equal,  and 
fiopftr,  form)  :  and  the  phenomena  of  identical  form  in  compounds 
of  different  but  analogous  composition,  have  received  the  name  of 
iMmorphism.     Two  elements  are  iaomoiphous,  which  either  crys- 
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talliEe  in  the  Mine  fonn,  or  may  be  substituted  for  each  other  in 
their  corapounda,  equivalent  for  equivalent,  (the  other  elements 
remaining  unchanged),  nilhout  affecting  the  form  of  the  compound. 

The  doctrine  of  isomorphism  enables  us,  in  many  cases,  to  decide 
on  the  formula  of  a  compound,  and,  consequently,  on  its  equiva- 
lent. Thus,  we  have  seen  thtt  aluminum  or  iron  may  be  replaced 
by  chromium,  without  change  of  form,  in  alum;  and  we  lind  that 
sesquioxide  of  aluminum,  sesqnioiide  of  iron,  and  oxide  of  chro- 
mium, also  crystallize  in  the  same  form.  Now,  tlie  composition 
of  oxide  of  chromium  was  formerly  uncertain  ;  but,  finding  as  we 
do  tliat  it  is  isomorphons  with  the  other  two  sesquioxides,  we  con- 
clude that  it  is  also  a  sesquiozide,  and  that  its  formula  is  Cn  Oj. 

Again,  chromic  acid  is  found  to  contain  twice  as  roucli  oiygen 
for  the  same  amount  of  chromium,  or  it  may  be  represented  as 
Gra  Oa.  This  being  a  most  improbable  formula,  wc  observe 
Deit,  that  chromic  acid  may  be  substituted  for  sulphuric  acid, 
without  change  of  form ;  in  other  words,  these  acids  are  isomor- 

fihous.  But  the  formula  of  sulphuric  acid  is  S  0  a ,  and  we,  there- 
ore,  conclude,  that  the  formula  of  chromic  acid  is  CrOi  ;  which 
agrees  perfectly  with  the  first  observation,  that  it  contains  twice 
08  much  oxygen  for  the  same  weight  of  chromium  as  the  oxide 
does  ;  for  Or  Oa  is  the  very  same  proportion  as  CVa  0<. 

The  following  isomorphous  groups  have  been  established,  and 
the  existence  of  more  is  nighly  probable  :  — 


.   Ag 


ArseniouB  acid  (in  its 

unusual  form)    .   .   .  Ast  Os 

Sesquioxideof  intimoD;  Sbi  Oi 

3. 

Alumina     AU  Oi 

SeBquioxideofiroD     .   .  Fei  Oj 
"  chromium    Crt  Oi 

"  manganese  Mnt  Oi 


Sulphuric  acid    .   .   .   .  S     Oi 

Selenic  acid Se    Oi 

Cliromic  acid     .   .    .   ,  Cr    Oi 
Hanganic  acid  ....  Ho  Oi 


7. 

SalU  of  potash K  O 

Saltsofoxidcor ammonium  Am  O 
(Or  ammonia  NH> -I- wa- 
ter, H  O  =  N  H.  O) 
8. 

Oxide  of  silver Ag  O 

Oxide  of  sodium    .   .    .  .  Na  O 
9. 

BaryU Ba  O 

Strontia 8r  O 

Lime  (in  arragonite)     .    .   Ca  O 

Oxide  of  lead Pb  O 

10. 

Lime  (in  Iceland  spar)     .  Ca  O 

Hagneua Hg  O 

Protoxide  of  iron  .   .   .  .  Fe  O 

"  manganese  .  Hn  O 

"  sine  .  .   .   .  Zn  0 

"  cobalt  ...  Co  O 

"  nickel  .   .   .  Ni  O 

"  copper  .    .   .  Cu  O 

"  lead    (in 

plombo  calcite)  .  Pb  O 


The  above  groups  are  almost  all  formed  of  compounds  ;  either 
because  these  compounds  arc  found  to  be  actually  bomorphoua 
vbcn  themselves  crystallized,  as.  for  example,  ibe  sesquioxides  in 
group  3  1  or  because  (bey  may  be  mutually  substituted  for  each 
other,  in  those  compounds  into  which  they  enter,  without  change 
of  form.  This,  aa  we  have  seen,  is  the  case  with  the  sesquioiides 
in  the  alums;  and,  indeed,  three  of  these  oxides  have  been 
obt^ned  in  crystals,  and  found  to  be  themselves  isomorphous.  But 
it  is  also  the  cose  with  the  acids  —  for  example,  in  groups  4  and 
6 ;  although  we  do  not  positively  know,  what  is,  however,  most 
probable,  that  these  acids  possess,  in  each  group  respectively,  the 
same  form.  Although,  for  example,  we  cannot  say  that  arsenio 
and  phosphoric  acids  arc  themselves  isomorphous,  since  they  do  not 
crystallize,  yet  their  salts  are  strictly  isomorphous ;  and  the  analogy 
extends  not  only  to  form,  but  to  color,  taste,  and  many  other 
external  qualities.  So  strong,  indeed,  is  this  external  resemblance, 
that,  in  many  cases,  we  must  actually  decompose  one  of  these 
salts,  and  ascertain  whether  it  contain  arsenic  or  phosphorus, 
before  we  can  say  whether  the  salt  is  an  arseniate  or  a  phosphate. 
The  same  extraordinary  similarity  in  all  ezt«mal  characters,  ia 
■eeu  in  the  salts  of  the  sulphuric  and  setenic  acids. 

We  can  hardly  doubt  that  not  only  the  salts,  but  the  acids,  ore 
really  isomorphous,  and  would  be  found  so,  if  we  could  obtain 
them  all  in  crystals ;  and  we  have  the  same  reason  to  conclude 
that  the  elements  of  these  acida  are  also  ismorphous ;  that  arsenic 
and  phosphorus,  sulphur  and  selenium,  for  example,  crystalliie  in 
the  same  form. 

Indeed,  the  only  plausible  explanation  of  the  existence  of  isomor- 
phous groups  of  compounds  is,  that  the  elements  characterising 
those  groups  are  isomorphous,  and  that  hence  their  analogous  com- 
pounds are  bo.  If  we  assume  that  arsenic  and  phosphorus  are 
isomorphous,  then  we  see  that  As  Oi  must  be  isomorphous  with 
P  Oi,  since  the  oxygen  in  both  is,  of  course,  the  same.  In  like 
manner,  arseniate  of  soda.  As  0*,  2NaO,  HO,  24  aq.,  must  be 
isomorpbous  with  phosphate  of  soda,  P  Oi,  2  Na  0, 110,  24  aq., 
usee  all  the  elementa  in  these  two  salts  are  the  same  in  nature, 
number  and  arrangement,  except  that  As  in  the  first  is  replaced 
by  P  in  the  second,  and  the  elements  As  and  P  have  been 
assumed  to  possess  the  same  form. 

There  is  one  case  which  requires  explanation.  It  is  the  isomor- 
phism of  potash  KO,  and  oxide  of  ammonium  NH«  O ;  or,  in 
other  words,  ammonia  with  1  at.  water,  NHs  HO.  Hero  we  have 
ft  body  composed  of  6  equivalents  isomorphous  vrith  one  containing 
only  two.  But,  on  the  one  hand,  there  is  good  reason  to  believe 
that  the  compound  metal,  ammonium,  NHt,  exists  ;  and  if  we 
represent  this  by  a  single  symbol  Am,  its  oxide  will  be  Am  0, 
ooneaponding  in  constitution  to  K  0,  each  being  farmed  of  1  eq. 
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metal,  and  1  eq.  oxygen.  It  is  true.  Am  is  a  compound ;  but,  on 
the  other  hand,  this  compound  acts  as  an  element,  and  Am  =  NH4 
is  only  1  eq.  of  metal,  Besides,  we  cannot  be  certain  that  even 
potassium,  K,  is  not  also  a  compound,  although  we  have  not  as 
yet  succeeded  in  decomposing  it,  if  it  be  one.  At  all  events,  it  is 
a  fieu^t,  that  NH4  may  be  substituted  for  K  without  affecting  the 
form  of  the  compound  in  which  the  substitution  is  made,  as  in  the 
alums ;  and  we  have  only  to  assume  that  the  compound  !NH4 
happens  to  be  isomorphous  with  the  simple  substance  K,  and  all 
the  facts  would  follow. 

We  shall  have  occasion  to  return  to  the  subject  of  isomorphism, 
when  treating  of  salts  generally,  and  of  their  crystallization. 

Isomerism. 

We  have  seen  that,  as  a  general  rule,  analogy  of  composition 
implies  analogy  or  similarity  in  form  and  external  properties.  But 
it  has  been  observed  in  a  number  of  cases,  that  two  or  more  com- 
pounds, formed  of  the  same  elements,  in  the  same  relative  propor- 
tions, and  having,  therefore,  the  same  composition  in  100  parts, 
are  yet  entirely  distinct  from  each  other  in  all  their  properties. 
Such  bodies  are  called  isomeric  bodies  (from  too;,  equal,  and 
ft(po(,  part.) 

It  is  obvious  that,  as  the  proportions  of  the  elements  are  the 
same,  the  source  of  the  difference  in  properties  must  be  sought  for 
in  the  abscltUe  number,  or  in  the  arrangem^rU  of  the  atoms.  Thus, 
acetic  ether  and  aldehyde  are  two  entirely  different  liquids,  con- 
taining exactly  the  same  relative  proportions  of  carbon,  hydrogen, 
and  oxygen.  These  proportions,  reduced  to  the  smallest  number 
ci  atoms,  are  Cs  Ha  0.  Now,  there  is  no  doubt  that  the  absolute 
numbers  in  aldehyde  are  C4  H4  O2  ;  and  there  is  also  no  doubt 
that  the  absolute  number  of  equivalents  in  acetic  ether  is  Ct  Ht  O4. 
Here  it  is  evident  that,  although  the  proportions  are  the  same,  the 
equivalent  of  ascetic  ether  is  twice  as  large  as  the  equivalent  of 
aldehyde.  Again,  the  composition,  in  100  parts,  and  consequently 
the  relative  proportions  of  the  elements,  of  urea  is  exactly  the  same 
as  in  hydrated  cyanate  of  ammonia ;  while  the  equivalent  of  both 
compounds  appears  to  be  the  same,  or,  in  other  words,  they  con- 
tain the  same  absolute  number  of  atoms  of  the  element.  But  we 
know  that  the  hydrated  cyanite  of  ammonia  is  represented  by 
NHs  -|-  Ca  NO,  HO  ;  and  that  urea  contains  neither  ammonia 
NHs,  nor  cyanic  acid  Ca  NO.  Let  us  suppose  the  atoms  in  urea 
to  be  simply  united  thus,  CaNaH4  0a,  and  we  see  at  once  that  the 
same  relative  and  absolute  number  of  atoms  may  readily  give 
rise  to  perfectly  distinct  compounds.  In  some  cases,  we  know 
what  the  arrangement  is  in  both  compounds.  Thus,  hydrated 
acetic  acid,  C4  Ha  O3,  H  0,  and  formiate  of  oxide  of  methule, 
Ca  H4  O-h  Cs  H  Oa,  both  contain  C4  H4  O4.     Such  isomeric 


compounds  are  called  metumtrie  ;  nnd  where  tho  absolute  number 
of  atoms  differs,  polymeric  ;  where  the  absolute  number  in  one  or 
both  is  unknown,  they  are  called  simply  isomeric. 

It  is  easy  to  see  that,  wherever  the  atoms  of  the  elements  of  a 
Gomponnd  admit  of  more  thaa  one  arrangement,  metameric  com- 
pounds may  occur.  In  binary  compounds,  such  as  water,  H  O, 
there  is  but  one  arrangement  possible,  ns  long  as  the  absolute 
number  of  atoms  is  not  doubled,  tripled,  or  still  funher  multiplied. 
But  in  Buch  a  compound  as  peroxide  of  iron,  Fei  Oa,  for  example, 
the  elements  might  yield  several  metameric  compounds,  such  as 
SFeO+0,  Fe04-FeOj,Fe+FeOj,  not  to  mention  the  multitude 
of  compounds  which  might  be  formed  with  precisely  the  same 
composidon  in  lUO  parts,  by  increasing  the  absolute  number  of 

The  discovery  of  isomerism,  however  unexpected,  is  ibus  entirely 
consistent  with  the  atomic  theory,  of  which  it  ia  merely  a  special 
case.  Isomerism  is  of  very  frequent  occurrence  among  orgtiDio 
comptounds,  owing,  no  doubt,  to  their  usually  large  atomic  weights, 
since  the  numerous  atoms  of  the  elements  aftbrd  much  scope  for 
isomeric  modifications ;  and  doubtless  this  principle  plays  an  im> 
porlant  part  in  the  processes  of  organic  life  and  growth,  as  well  as 
iQ  decay. 

Having  premised  the  preceding  general  or  introductory  remarks, 
we  now  proceed  to  the  actual  description  of  the  elements,  and  of 
their  compounds,  which  constitutes  Chemistry,  properly  so-called. 

It  is  not  possible,  in  the  present  slate  of  our  knowledge,  to  fol- 
low any  arrangement  that  shall  not  be  open  to  objeutJun.  The 
different  classes  or  groups  of  elements  arc  not  so  clearly  character- 
ized as  to  permit  us  to  iollow  a  strictly  scientific  arrangement,  and 
therefore  we  shnll  only  adhere  to  the  division  of  the  elements  into 
metalloids  and  metals ;  and,  beginning  with  the  former,  describe 
the  elements  in  the  order  of  their  importance  and  interest.  It  has 
already  been  stated  that  even  this  division  is  not  always  fully 
observable,  since  seleninm  is  classed  by  some  as  a  metal,  and 
arsenic  by  others  as  a  metalloid. 


METALLOIDS. 
There  can  be  no  hesitation  as  to  that  element  which,  being  the 
most  important  of  all,  ought  to  be  first  treated.     We  therefore 
proceed  to  describe  — 

1.  OxroEB.    0  =  8-013. 
which  is  of  all  elements  the  most  abundant;  forms  89  p.  c.  by 
weight  of  all  the  water,  and  23  p.  c.  of  the  atmospheric  air  of  our 
globe;  exista  in  all  rocks,  except  rock  salt;  and  is  an  esseulul 
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element  in  all  animal  or  vegetable  bodies.     It  constitutes  at  least  ^ 

of  ibc  weight  of  our  earth. 

Obtained  most  easily  by  applyioff  a  heat  rather  below  redness 

lo  a  mixture  of  6hlorate  of  potash  with  }  of  its  weight  of  peroxide 
of  manganese.  The  latter 
undergoes  no  change,  but  ■ 
promotes  in  a  high  degree 
the  decomposition  of  tlie  chlo- 
rate. The  mixture  being  in- 
troduccd  into  a  small  retort, 
or  a  small  flask  nitb  a  bent 
tube,  may  he  healed  by  a 
spirit  lump,  and  the  gas — 
which  comes  off  very  abund- 
antly and  rnpidly  —  colleclr 
cd.  over  water,  in  the  pneu- 
matic trough.    The  chemical 

change  caused  in  the  ohiortiie  by  heiit  is  represented  as  follows  : 

KO,  C10.  =  KCI  +  0.. 

That  is,  1  eq.  of  the  salt  yields  1  cq.  chloride  of  potassium,  K  CI, 
which  remains  in  the  retort,  and  6  eq.  of  oxygen,  which  escapes 
in  the  form  of  gas. 

PropertUe.  —  A  gas,  colorless,  tasteless,  inodorous.  Specific 
eravity  (air=  l.OOOJ  M026,  or,  according  to  Thomson,  1.1111. 
A  burning  body,  as  a  match  of  wood  or  paper,  bums  in  the  gas 
with  greatly  increased  brilliancy ;  a  spark  on  a  piece  of  wood 
burets  out  into  a  flame.  Iron  wire  bums  in  it,  when  heated  white* 
hot,  with  beautiful  sparks.  Phosphorus  buma  in  it  with  an  intense 
daziling  white  light,  &c. 

Oxygen  combines  with  all  the  other  elements  (except  perhaps 
fluorine),  and  with  most  of  them  in  several  proportions.  The 
combustion  of  bodies  in  oxygen  is  nothing  but  their  combination 
with  that  element ;  the  process,  from  the  energy  of  the  affinities, 
being  attended  with  heat  and  light.  Thus,  when  inm  bums  in 
oxygen,  it  yields  oxide  of  iron,  Fe  0  ;  and  when  phosphorus  bums 
in  oxygen,  it  produces  phosphoric  acid,  P  Dt.  In  all  such  cases, 
the  oxygen  aud  the  combustible  body  disappear,  and  a  new  com- 
pound results. 

Combustion,  or  the  combination  of  a  combustible  with  oxygen, 
goes  on  in  atmospheric  air,  but  much  less  rapidly  and  vividly  Uian 
m  pure  oxygen,  because,  in  air,  the  oxygen  is  diluted  with  four 
times  its  bulk  of  nitrogen. 

Many  substances  slowly  combine  with  oxygen  without  the  de- 
Telopmcnt  of  heat  or  light ;  as,  for  example,  iron,  when  it  rusts. 

In  every  case  the  combustible  is  said  to  be  oxidised,  or  to 
mdergo  oxidation,  and  the  compound  formed  a  termed  on  oxide. 
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The  whole  stracture  of  modem  Chemistry  is  founded  on  die 
above  simple  theory  of  combustion,  first  proposed  by  Lavoisier ; 
who,  by  using  the  baJance,  discovered  that  the  baraing  body 
became  heavier  during  the  process,  and  could  not,  therefore, 
according  to  the  then  prevalent  theory,  have  lost  phlogiston  (an 
imaginary  element),  or  any  thing  else. 

Lavoisier,  having  observed  that  all  the  acids  then  known  were 
compoonds  of  oxygen  with  combustible  bodies,  concluded  that  acid- 
ity depended  on  ^e  presence  of  oxygen,  and  named  that  element 
Bccoroingly  (from  o{v{,  acid,  and  yEvmu,  to  produce).  The  name  ia 
still  retained,  thongh  we  are  now  acquainted  with  many  acids  which 
contain  no  oxygen;  and  although,  according  to  views  now  considered 
probable,  hydrogen  has  more  claim  to  the  title  of  the  producer  of 
acids  than  oxygen.  Besides,  oxygen  is  now  known  to  be  an  essential 
ingredient  in  bases,  the  basic  power  of  which  really  seema  to  be  in  « 
close  relation  to  their  amount  of  oxygen.  But  the  inconvenience  of 
changing  the  name  would  be  very  great,  so  that,  while  many  of  th« 
views  of  Lavoisier  have  been  abandoned,  his  names  are  retained. 

Lavoisier  held  that  combustion  could  not  take  place  without  the 
presence  of  oxygen.  But  subsequent  experience  has  shown  that  al- 
though all  combustions  in  our  atmosphere,  or  in  oxygen  gas,  depend 
on  the  presence  of  oxygen,  the  phenomenon  of  combustion  is  nothing 
more  or  less  than  chemical  combination,  attended  by  heat  and  light. 
Uaoy  examples  might  be  adduced  of  combustion  without  oxygen. 
Take,  for  example,  toe  case  of  iron  and  sulphur,  which,  when  healed, 
combine  with  much  heat  and  light ;  or  that  of  phosphorus,  which, 
when  introduced  into  chlorine,  takes  fire  and  bums,  combining  with 
the  gas.  Although,  therefore,  oxygen  ia  concerned  in  all  ordinary 
combustions,  that  is,  in  all  which  take  place  in  our  atmosphere, 
the  student  must  bear  in  mind  the  true  definition  of  combustion  — 
namely,  "  chemical  combination,  attended  with  heat  and  light." 

Oxygen  baa  been  termed  a  supporter  of  combustion,  as  dtstin- 
guished  from  a  combustible  body,  such  as  phosphorus.  But  we 
are  not  to  suppose  that  the  oxygen  has  any  greater,  or  any  other 
share  in  comSostion,  thaik  the  phospboms.  It  so  happens,  that 
the  oxygen  ia  a  gas,  and  the  pnosphorus  a  solid.  The  heat  and 
light,  uierefore,  appear  to  proceed  from  the  phosphorus  ;  because 
the  combustion  can  only  take  place  where  the  two  bodies  are  in 
contact  But,  in  reality,  both  bodies  are  equally  concerned  in  the 
production  of  the  heat  and  light ;  and  while  we  may  call  phos- 
phorus a  supporter  of  combustion  as  well  as  oxygen,  we  may  call 
oxygen  a  combustible  as  well  as  phosphorus. 

In  all  combustions  in  our  atmosphere,  the  heat  and  light,  as 
above  explained,  although  derived  equally  from  both  bodies,  or 
rather  from  the  process  of  combination,  appear  to  proceed  from 
what  is  usually  called  the  combustible  or  burning  body.  But  this 
is  merely  appearance  :  for  while  a  jet  of  hydrogen,  set  fire  to  m  n 


jar  of  oxygen,  seems  to  bum  and  give  out  the  heat  and  light,  a 
jet  of  oxygen  in  a  jar  of  hydrogen  may  be  set  fire  to,  and  vill 
then  appear,  as  the  hydrogen  did  before,  to  be  the  source  of  the 
heat  And  light,  which  in  both  coses  was  derived  from  the  combin- 
fttion  of  oxygen  nich  hydrogen. 

Oxygen  is  necessary  (o  the  respiration  of  animals  :  but  for  this 
purpose  pure  oxygen  ia  not  fitted ;  and  it  has,  therefore,  in  our 
atmosphere  been  diluted  with  four  times  its  volume  of  another  gas. 

When  a  large  quantity  of  oiygen  gas  is  required,  it  is  generally 
prepared  by  heatJng  to  redness,  m  tin  iron  bottle,  the  peroxide  of 
manganese,  of  which  33  parts  yield  8  of  oiygen,  according  to  the 
equaUon  2Ma  Oi=Mnt  Oi+O.  Oxygen  may  also  be  obtained 
by  the  action  of  heat  on  nitrate  of  potash  or  nitre,  on  red  oxide 
of  mercury,  or  on  red  oxide  of  lead.  In  practice,  the  cbJorale  of 
potash  (of  which  124 parts  yield  48  of  very  pure  oxygen,)  although 
rather  a  dear  salt,  and  the  peroxide  of  manganese,  which,  altboagh 
not  very  productive,  'm  very  cheap,  are  alone  employed.  On  tbe 
small  scale,  the  peroxide  of  manganese,  heated  with  sulphuric  acid, 
yields  twice  as  much  oxygen  as  when  heated  per  as,  according  to 
the  equation  — 

Mn  0»+80i=Mn  O,  SOi+0. 

The  sulphate  of  protoxide  of  manganese,  Mn  0,  SOa,  remains 
in  the  retort.  This  process  is  troublesome,  and  the  retort  is  gener- 
ally broken  during  cooling.  A  better  process,  lately  proposed, 
ia  to  heat  bichromate  of  potash  with  an  excess  of  sulphuric  acid. 

Since  oiygen  unites  with  all  the  other  elements,  and  forms  very 
numerous  and  important  compounds,  it  may  be  well  here  to  men- 
tioD  the  principal  classes  of  oxidised  bodies,  or  oxides,  as  the 
compounds  of  oxygen  are  called. 

The  most  numerous  class  of  oxides  is  that  of  the  basic  oxides 
or  bases.  These  are  formed,  in  every  case,  by  the  nnion  of  a 
metal  with  oxygen.  The  most  frequent  formula  for  a  basic  oxide 
isM  0(M  representing  I  ei^.  of  a  metal.)  Examples,  potash,  K  0, 
lime,  Ca  0,  protoxide  of  iron,  Fe  0,  protoxide  of  manganese, 
Hn  0.  Such  bases  are  called  protoxides-  Next  to  these  in  impor- 
tance arc  the  sesquioxides,  the  formula  of  which  is  Mi  Oi.  Exam- 
ples, seaquioiide  of  iron  Fei  Os,  sesquioxide  of  manganese,  Hoi 
Oi,  sesquioxide  of  antimony,  Sbt  Os.  Sesquioxides  are  in  all 
cases  weaker  bases  than  the  protoxides  of  the  same  metals ;  and, 
generally  speaking,  they  are  fonnd  to  be  weaker  bases  than  pro- 
toxides. There  are  a  very  few  basic  oxides  of  the  formula  M  Oi. 
Example,  deutoxide  or  binoxide  of  tin,  Sn  Oi.  Finally,  then)  are 
also  a  very  few  basic  oxides  of  the  formula  Mi  O.  Example,  sub- 
oxide of  copper,  Cus  0.  Both  these  lost  kinds  of  bases  ar«  Jtsrf 
feeble,  compared  to  the  preceding  lunds. 
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Tlie  next  important  class  of  oxides  is  that  of  the  oxjgcn  acids. 
These  sre  most  frequcDtiy  composed  of  metalloids  united  tu  oxygen; 
but  there  are  alsu  oiyi^ea  acids  formed  of  metals  united  to  oxygen. 
Examples  of  the  former,  carbonic  acid  C  Oi,  sulphuric  acid  aOj, 
phosphorus  acid  P  Oi,  phosphoric  acid  P  Oi,  nitric  acid  NOi, 
nyperchloric  acid  CI  Oi  :  of  the  latter,  areenious  acid  Aa  Os, 
antimonious  acid  Sb  Oi,  antimonic  acid  Sb  Oi,  chromic  acid  Cr 
Oi,  manganic  acid  MnOs,  hypermanganic  acid  Mm  Ot.  It  will 
be  observed,  that  the  formula  of  acids  are  very  various ;  and  it 
will  also  be  noticed  that  where  a  metal  forms  an  acid  with  oxygen, 
that  acid  containrfmore  oxygen  than  the  basic  oxide  or  oxides  of 
the  same  mt;tal.  Thus,  sesquioude  of  antimony  vbich  is  bauc, 
ia  Sbi  Oi,  while  antimony  forms  two  acids,  one  Sb  Oi,  or  Sbi  Ot, 
and  the  other  SbiOi. 

The  third  class  of  oxides  is  that  of  the  neutral  or  iodififerent 
oxides.  These  are  neither  decidedly  acid,  nor  doddedljr  basic, 
and  some  of  them  play  both  parts ;  on  the  one  hand  combining 
with  bases,  as  a  weak  acid  would  do ;  on  ihe  other,  uniting  wit£ 
acids  like  a  weak  base.  This  is  the  case  with  water  HO,  which, 
itself  neutral,  combines  both  with  acids  and  bases,  forming  com- 

Eunds  which  arc  still  acid  or  basic,  and  are  called  hydrates, 
amples,  H  0,  S  Oi,  oil  of  vitriol,  or  hydrated  sulphuric  acid  ; 
K  0,  H  O,  caustic  potash,  or  hydrate  of  potash.  Others  do  not 
enter  into  any  combination,  but  are  strictly  indifferent;  such  as 
deutoiide  of  hydrogen,  H  Oi,  and  deutoxide  (binoxide,  peroxide, 
or  superoxide)  of  manganese.  Where,  as  in  this  last  example, 
the  metal  also  forms  a  basic  oxide  or  oxides,  and  an  acid  or  acids, 
it  is  important  to  notice,  that  the  indifferent  oxide  is  intermediate  in 
composition,  as  if  a  certain  proportion  of  oxygen  communicated  basic 
properties,  a  somewhat  larger  proportion  destroyed  these  without 
producing  acidity,  and  a  stiinarger  share  of  oxygen  gave  to  the  com- 
pound distinctly  acid  characters.  By  inspecting  the  compounds  of 
manganese  with  oiygen,  we  further  see  that  of  the  two  basic  oxides, 
both  of  which  contain  less  oxygen  than  (he  indifferent  oxide,  or 
superoxide,  that  which  contains  the  most  oxygen  Ls  the  weaker  base. 

Hn    0    Protoxide  of  manganese.    A  powerful  base. 

Mm  O)  Sesquioxide  of      do.  A  leebie  base. 

Mn    Oi  Superoxide  of       do.  Neither  basic  nor  acid. 

Mn    Oi  Manganic  acid.  A  strong  acid. 

Unt  Oi  Hypermangsuic  acid.  A  strong  acid. 

When  the  superoxide,  or  indifferent  oxide  of  a  metal,  is  acted 
oa  by  an  acid,  it  loses  oxygen,  while  a  basic  oxide,  being  left, 
oombines  with  the  acid ;  as  tn  tho  process  for  obtaining  oxygen  by 
the  action  of  sulphuric  acid  on  peroxide  of  manganese,  given  and 
explained  at  p.  66. 

Oxygen  was  discovered  by  Priestley,  in  1774  ;  and  in  the  follow- 
mg  year  by  the  Swedish  chemist,  Scheele,  without  any  knowledge 
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of  Priestley's  discoTerv-  Tbo  time,  in  fact,  had  come  when 
chemistry  was  studied  in  the  true  scientific  spirit ;  and  had  these 
itliutrious  men  not  then  discovered  oxygen,  it  must,  nevertheless, 
have  been  very  soon  discovered  by  some  one  else. 

a.  Htdroges.     H=  1. 
Occurs  in  nature  only  in  combination,  chicfiv  in  the  form  of  water, 
of  which  it  constitutes  11  per  cent,  by  weight.     It  is  an  essential 
ingredient  in  all  organized  bodies. 

It  may  be  easily  prepared  by  causing  diluted  sulphuric  or 
hydrochloric  acid  to  act  on  iron  filings,  or  on  granulated  linc. 
The  best  apparatus  for  the  purpose  is  a  wide-mouthed  bottlo, 
famished  with  a  closely- fitting  cork.  In  this  cork  arc  made  two 
holes,  into  one  of  which  a  tube  properly  bent  is  closely  fitted,  while 
into  the  other  is  inserted,  also  air-tight,  a  straight  tube,  reaching  to 
the  bottom  of  the  bottle,  and  widened  at  its  upper  end,  so  as  to 
&>rm  a  funnel.  Both  tubes  are  open  at  both  ends,  and  the  bent 
tnbe  terminates,  within  the  bottle,  just  below  the  cork,  while  its 
farther  end  dips  under  water  in  the  pneumatic  trough. 

The  metal  being  introduced  into  the  bottle,  and  covered  to  the 
depth  of  an  inch  with  water,  the  cork  with  the  tobes  is  fitted  in : 
the  acid  is  poured  in  through  the  straight  tube, 
and  the  bottle  shaken,  so  as  to  mix  the  acid 
and  water  thoroughly.  Enough  of  acid  should 
be  added  to  cause  a  brisk,  but  not  violent 
efiervescence ;  and  as  the  end  of  the  straight 
tube  b  covered  by  the  liquid,  the  gas  produced 
can  only  escape  through  the  bent  tube.  Care 
must  be  taken  not  to  collect  the  gas  for  use 
until  the  wfaole  of  the  air  originally  in  the 
upper  part  of  the  bottle  has  been  expelled ; 
}therwise  tlie  application  of  a  light  might 
cause  a  dangerous  explosion.  Perhaps  the 
safest  way  is  to  collect,  in  a  large  jar  mil  of 
water,  as  much  of  the  gas  which  first  escapes  as  would  suffice  to 
fill  the  gas-bottle  twice,  and  to  throw  this  awar  :  what  comes  sub- 
sequently is  pure.  When  the  current  of  gas  slackens,  the  addition 
of  a  little  more  acid,  through  the  straight  tube,  causes  it  again  to 
go  on  as  briskly  as  at  first. 

When  line  and  hydrochloric  acid  are  employed,  the  process  is 
represented  by  the  following  equation  :  Zn  +  H  01  =3  H  +  Zn  CI. 
That  b,  the  zmc  takes  the  chlorine  of  the  add,  forming  chloride 
of  line,  and  the  hydrogen  is  separated.  When  iron  and  satpbu- 
ric  acid  are  used,  the  process  a  expressed  by  the  equation  Fe  -|- 
HO,  SO],  =  H  +  Fe  0,  SOj.  Here  the  hydrogen  b  supposed  to 
proceed  from  water,  the  oxygen  of  which  forms,  with  uie  iron, 
protoxide  of  iron,  which  again  unites  with  the  sulphuric  aoid, 
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filming  sulphate  of  protoxide  of  iron.  It  is  to  be  observed,  that 
this,  tbe  generally  received  explanntion  of  the  iRtter  process,  is 
Tery  different  from  that  of  the  former,  although  the  phenomena  in 
both  are  the  same,  namely,  the  escape  of  hydrogen  and  the  forma- 
tion of  a  neutral  salt.  When  treating  of  acids  and  salts,  we  shiUI 
see  how  it  is  possible  to  do  away  nitb  this  complexity,  and  to  bring 
both  processes  under  one  formula.* 

(The  above  simple  method  of  obtaining  hydrogen  gas  is  equally 
applicable  in  all  cases  where  a  gas  is  to  be  produced  by  the  action 
of  an  acid  on  a  solid  body,  without  the  aid  of  heat ;  as  in  the  cases 
of  deuloxide  of  nitrogen,  sulphuretted  liydrogen,  carbonic  acid, 
Ac.  It  has,  therefore,  been  described  minutely,  and  will  hereafter 
be  referred  to  in  describing  the  preparalioa  of  the  above  gases.) 

Proptrtiet. — Hydrogen  is  a  gas,  colorless,  tasteless,  and,  when 
qnil«  pure,  devoid  of  smell.  When  prepared  from  common  zino 
or  iron,  it  contains  some  foreign  body,  which  gives  it  an  unpleasant 
smell.  It  is  tbe  lightest  bwly  known,  its  Sp.  G.  being  0.0694 
(air=]),  or  16  times  less  than  that  of  oxygen.  A  lighted 
candle,  introduced  into  hydrogen,  is  extinguished,  but  the  hydro- 
gen takes  fire  at  the  mouth  of  the  vessel,  where  it  is  in  contact 
with  the  oxygen  of  the  air.  and  bums  rapidly  away,  giving  out  but 
little  light,  with  an  intense  heat,  and  producing  water,  which,  by 
proper  means,  may  be  condensed  and  collected.  Hydrogen  gas 
la  not  absorbed  by  water. 

Hydrogen  does  not  combine  so  readily  with  otber  bodies  u 
oxygen  does.  It  may  be  made,  however,  (o  combine  with  most 
of  the  metalloids  and  with  a  few  of  tbe  metals.  With  chlorine, 
bromine,  iodine,  and  fluorine,  it  forms  powerful  acids,  the  general 
formula  of  which  is  H  R ;  f  with  carbon,  sulphur,  phosphorus, 
selenium,  tellurium,  and  arsenic,  it  forms  combustible  gases, 
several  of  which  have  acid  properties.  With  nitrogen,  it  forms 
ammonia,  N  Hi,  and  probably  two  otber  compounds,  ammonium, 
NH.,  andamidogen,  NH,. 

From  its  extreme  tightness,  100  cubic  inches  weighing  only 
about  2'5  grs.,  whije  common  air  is  about  14  times  heavier, 
hydrogen  is  used  for  filling  balloons. 

■  I  do  not  luppaae  that  hydrogen  is  derlrod  from  tlio  deoxlilntloii  of  wnler, 
bottbalil  Is  tnare  likely  obtained  from  Iheicldiryliig  hydrogen  of  (he  sulphuric 
■eld.  For  inatsDCC,  Ihlii  acid  In  lis  scllve  state.  Is  SOi  -|-  H.  In  the  nctlon 
which  lakes  pince,  the  hydro^n  of  the  acid  la  simply  displaced  by  an  equiv- 
alent or  line,  and  the  gas  U  liberated  ;  thererore  Ihu  nmouni  of  gat  which  we 
obtain  docs  not  depend  upon  the  quantity  of  waUr  which  we  add,  so  much  as 
Ihat  of  aulphnric  acid,  as  II  would  be  Impassible  to  gel  more  than  (he  one 
Mulvalen(  of  hydrogen  which  is  cemblaed  with  the  ucid.  The  reman  for 
addlDK  the  water,  la  to  diaaolTB  the  snlpliate  of  lijic,  which  adheres  (o  th« 
metal  and  would  prevent  further  acdou.  sulphnte  of  line.  It  will  b«  rocol- 
lacted,  being  Inaaluble  in  strong  lulphurlc  acid.  ^• 

tRharo  stands  fori  eq.  of  any  of  tlie  metalloids  Juit  taanUoDed. 
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Bencles  t)ie  processes  above  described,  liydrogen  U  obtained  by 
passing  the  vspor  of  water  (steam)  over  red-hot  iron  wire,  when 
the  iron  is  oxidiwd  at  the  expense  of  the  water  ;  also  by  placing 
pobiBsium  or  sodium  in  water,  when  these  metals  are  instantlj 
oxidJEed  :  and  by  heating  to  redness  a  miztura  of  potash,  or  soda, 
and  organic  matter,  such  oa  sugar,  aaw-dust,  itt. 
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Hydrogen  may  readily  be  made  to  unile  with  oxygen,  whether 
pure  or  in  the  form  of  atmospheric  air.  When  hydrogen  ta  mixed 
with  oxygen  or  with  air,  the  mixture  takes  fire  and  ezplodu  vio- 
lently on  the  approach  of  a  flame,  or  when  the  electric  spark  is 
passed  through  it.  A  jet  of  hydrogen,  issuing  from  a  tnbe,  may 
De  set  fire  to  by  the  same  means  ;  and  in  both  cases  water  is  the 
onlyproduct. 

We  have  already  seen  Ihat  I  grain  of  hydrogen  combines  wilh 
8  of  oiygen  to  form  water ;  and  as  no  other  element  takes  up  so 
large  a  proportion  of  oxygen,  this  is  probably  the  reason  why  the 
combination  of  hydrogen  wi^  oxygen  is  attended  wilh  so  intense 
a  heat 

If  hydrogen  and  oxygen  be  mixed  in  the  exact  proportion  of  2 
vol.  of  the  lonner  to  1  vol.  of  the  latter,  and  the  mixture  set  fire 
to,  as  it  issues  from  a  small  tube,  the  most  intense  heat  is  pro- 
duced that  it  is  posuble  to  obtwi  by  combustion.  The  flame  of 
the  oxy -hydrogen  blowpipe, 
as  it  is  called,  readily  melts 
platinum  and  pipe-clsv.  sub- 
stances which  resist  tne  fire 
of  the  hottest  furnaces.  By 
this  means,  Hr.  A.  Kemp  has 
melted  6  os.  of  platinum  tX 

The  gases,  it  previously 
mixed,  should  be  made  to  pass 
through  asafety-apparatns  be- 
fore being  set  fire  to  ;  but  as 
accidents  have  occurred  even 
when  the  aafetv  -  apparatus 
was  used,  it  is,  m  a]l  cases, 
better  to  keep  the  gases  in 
separate  gas-holders,  and  to 
allow  them  to  mix  only  in 
the  tube,  just  before  they  an 


a  Uowptpa  oT  hli  own  c«Altinince. 
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igiuted,  reflating  the  flow  of  the  two  gases  so  as  to  obtain  the 
most  intense  heat.  Any  excess  of  either  gas  cools  the  flame  and 
diminishes  the  efiect.  For  the  jet  best  adapted  to  this  experiment, 
we  the  cut* 

When  a  portion  of  spongy  jjlatinum,  or  of  the  finely-divided 
Iflacic  powder  of  that  metal,  is  introduced  into  a  mixture  of  hydrg- 
gen  with  oxygen,  or  with  air,  the  platinum  soon  becomes  red-hot, 
and  then  the  explosion  instantly  follows.  Or  if  a  jet  of  hydrt^n 
be  thrown  on  the  metal  in  the  air,  it  becomes  red-hot  and  ignites 
the  jet  On  this  principle  is  constituted  the  beautiful  instantaneous 
light  apparatus  of  Dobereiner. 

It  would  appear  that  the  platinum  possesses  the  property  of 
caosing  hydrogen  and  oxygen  to  combine  on  its  surface,  whereby 
heat  is  developed  sufficient  to  make  the  metal  red-hot ;  and  it  then 
acts  as  any  other  red-hot  body,  such  as  flame,  would  do,  in  caosiag 
■n  explosion. 

The  observations  of  Oobermer  on  the  properties  of  the  black 
powder  of  platinum  may  assist  us  to  explain  this  singular  property 
of  platinum.  He  found  that  the  powder  condensed  within  its 
pores  S63  times  its  volume  of  oxygen,  and  as  the  pores  occupy 
only  ^  of  the  bulk  of  the  powder,  this  oxygen  must  be  in  a  state 
of  condensation  such  that  it  occupies  only  yg^^,  of  its  volume  in 
the  form  of  gas.  In  this  state  it  must  be  denser  than  water,  and 
we  may  easily  conceive  how  it  is  thus  rendered  capable  of  at  once 
combining  with  hydrogen.  Spongy  platinum  only  differs  from  the 
powder  in  being  less  minutely  divided. 

If  a  jet  of  hydrogen  be  set  fire  to  and  a  cold  dry  bell  jar  held 
OTer  the  flame,  the  inside  of  the  jar  will  instantly  be  covered  with 
a  film  of  dew  which  rapidly  increases,  and  at  Isst  condenses  into 
drops  of  water.  This  water,  if  collected,  is  found  to  be  quite  pure ; 
and  if  a  known  weight  of  hydrogen  be  burned,  and  the  whole 
water  collected  without  loss,  the  weight  of  the  water  will  be  fline 
times  that  of  the  hydn^en :  the  mSerence,  or  8  porta  in  9  of 
water,  is  oxygen. 

This  most  important  point — namely,  the  true  composition  of 
water — may  be  ascertained  in  other  ways.  Thus,  if  8  vols,  of 
pare  hydrogen  and  1  vol.  of  pure  oxygen  be  mixed  and  confined 
over  water  or  mercury,  and  if  the  electric  spark  be  passed  through 
the  mixture,  both  gases  will  entirely  disappear,  and  water  alone 
will  be  the  product.  If  the  experiment  be  mode  in  a  graduated 
tnbe,  and  if,  for  example,  210  vols,  of  hydrogen  be  mixed  with 

■  It  !■  almoBt  uDnecmsarv  to  reinlad  the  reader,  that  Dr.  Hare,  of  Phlla- 
delpbis,  la  th(!  iavenlor  of  the  oxy-hydrogen  blowpipe.  It  waa  ua«d  by  Ihla 
illuatrtouB  chemfal  aeveral  monlhi  before  he  mada  11  public,  and  II  waa  not 
till  Bomo  lime  after  the  appearance  of  hia  paper  apan  ihla  aubject,  Ibal  it 
waa  noticed  at  all  in  Enrope.  Still  an  altsnipt  baa  been  made  to  deprive 
Dr.  Hare  of  hia  diacovory.  S^ 
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100  Tols.  of  oxygen,  and  the  mixture  exploded,  10  vols,  of  hydro- 
gen will  remain  onchAiiged ;  or  if  the  proportions  had  been  200 
vols,  of  hydrogen  to  llOof  oxy^n,  10  of  oxygen  would  have  been 
left  Now  OS  hydrogen  is  16  times  lighter  than  an  equal  bulk  of 
oxygen,  it  follows  that  S  vola.  of  hydrogen  most  be  B  timea  lighter 
than  1  vol.  ef  oxygen  ;  and  thus  we  arrive  at  the  same  resdt  u 
to  weights  aa  we  oblaia  by  burning  hydrogen  and  weighing  the 
water  produced. 

Another,  aad  a  very  beautiful  method  of  aacertuning  the  com- 
poaition  of  water,  by  weight,  is  the  following : 

Into  the  bulb  blown  in  the  middle  of  a  wide  tube  of  Bohemian 
glass,  the  weight  of  which  is  known,  there  is  introduced  a  weighed 
portion  of  oxide  of  copper.  One  end  of  the  tube  is  then  connected 
with  an  apparatus,  from  which  a  steady  current  of  dry  hydro^n 
is  disengaged  ;  and  to  the  other  end  is  attached  a  tube  containmg 
fragments  of  chloride  of  calcium,  a  substance  possessing  a  strong 
attraction  for  water ;  this  tube  witj)  its  contents  being  also  wdghetT 


As  soon  as  the  whole  of  the  atmospheric  air  of  the  apparatus  has 
been  entirely  displaced  by  the  hydrogen  gas,  heat  is  applied,  b; 
means  of  B  spirit  lamp,  to  the  oxide  of  copper.  Aided  by  the  high 
temperature,  the  hydro^n  very  soon  begins  to  decompose  the 
oxide  of  copper,  combining  with  itq  oxygen  to  form  water ;  and 
before  long  the  black  color  of  the  oxide  is  changed  to  the  red  of 
metalHc  copper.  The  water  which  is  formed  condenaes  in  the  cold 
part  of  the  tube  beyond  the  bulb  ;  bnt  by  heating  thai  part  of  the 
tube  the  whole  of  the  water  is  soon  earned  by  the  current  of  gas 
into  the  tnbe  with  chloride  of  calcium,  where  it  is  retained.  The 
apparatus  is  now  allowed  to  cool,  and  when  the  tubes  have  again 
become  full  of  atmospheric  air,  they  are  weighed.  That  with  the 
copper  will  be  found  lighter  than  before  ;  the  other,  heavier.  The 
loss  of  the  former  is  oxygen  ;  the  increase  of  the  latler  is  the  water 
which  that  oxygen  has  yielded ;  and,  of  course,  the  difference 
between  the  two  is  the  hydrogen  of  the  water. 

Let  us  suppose  the  5rst  tiihe,  when  empty,  to  have  weighed  SOO 
grains,  and  when  filled  with  the  oxide  of  copper  540  grain*,  the 
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oxide  of  copper  must  weigh  40  grnins.  The  tube  with  chloride 
of  calcium  weighs,  before  the  experiment,  say  300  grs.  Now,  we 
should  find,  after  the  experiment,  that  the  first  tube  now  con- 
taiutng  metallic  copper,  would  w^igh  532  grs.,  and  the  other  tube 
309  grs. ;  the  fonuer  having  lost  8  grs.  (oxygen),  while  (he  latter 
baa  gained  9  grs.  (water).  Hence  the  9  grs.  of  water  contain  8 
of  oxygen,  and,  of  course,  1  gr.  of  hydrogen.  Moreover,  this 
experiment  tells  us  (hat  40  grs.  of  oxide  of  copper  are  composed 
of  32  of  copper  and  8  of  oxygen ;  thus  proving  Hie  composition 
of  water  by  synthesis,  and  that  of  oxide  of  copper  by  analysis. 

There  is  still  another  method  of  demonstmling  the  composition 
of  water  —  namely,  the  decomposition  of  that 
f\   n  fluid  by  galvanic  electricity.     When  the  electric 

L    I  current  of  a  powerful  battery  is  made  to  pass 

I    y  through  water,  in  an  apparatus  so  contrived  that 

I    H  the  gas  given  off  at  each  pole  may  be  received 

^bM/^^       into  a  separate  graduated  tube,  it  is  found  that 

^^Hj^Hftk  by  the  time  the  tube  at  the  positive  pole  is  half 
^^^^HMbS^  fii'l-  the  tube  at  (he  negative  pole  is  quit«  full ; 

^^^^H|B^    and  on  examination  the  gas  in  the  latter  is  found 

^^^^^^r         to  be  pure  hydrogen,  while  that  in  the  former  is 

^K^  pure  oxygen ;  and  the  proportion,  by  volume, 

^^JR^  IS  obviously  2  of  hydrogen  to  ]  of  oxygen,  and 

^^^B^  from  this,  by  means  of  the  specific  gravities  of 

the  gases,  we  obtain,  as  before,  the  proportion, 
by  weight,  of  I  to  8. 

Water,  which  is  thus  proved  to  contain  1  eq.  of  hydrogen  to 
1  eq.  of  oxygen,  represented  by  H  O,  is,  at  ordinary  temperatures, 
a  liquid,  colorless,  tasteless,  and  inodorons.  It  assumes  the  solid 
form,  that  of  ice  or  jnotf,  at3S°  F.,  and  alt  lower  temperatures ; 
and  it  takes  the  form  of  gas  or  vapor,  (bat  of  tieam,  at  212°  F., 
and  retains  that  form  at  all  higher  temperatures.  When  ice  is 
heated  above  32",  it  melts  into  water  ;  and-when  steam  is  cooled 
below  212°,  it  condenses  into  water.  Thus  water  possesses  the 
liquid  form  only  at  temperatures  lying  between  32°  and  212°. 

Hence,  in  certain  arctic  regions,  water  is  always,  or  nearly 
always,  solid.  Even  in  that  state,  however,  and  at  all  tempera- 
tures betow  212°,  it  is  always  slowly  assuming  the  gaseous  form. 
It  ia  in  this  way  that  watery  vapor  is  constantly  nsin^  into  the 
atmosphere  from  the  surface  of  the  sea,  of  lakes,  of  nvers,  and 
of  the  soil ;  which  watery  vapor,  being  again  condensed  into  the 
Itqaid  form,  falls  back  on  the  earth  in  the  shape  of  rain  or  dew, 
or,  if  frozen,  as  snow,  hail,  and  hoar-frost. 

Water  is  perfectly  neutral ;  that  is,  it  exhibits  in  itself  neither 
acid  nor  basic  properties:  but  is  capable  of  combining  with  both 
acids  and  bases,  audi  indeed,  seems  to  be  almost  essential  to  their 
activity.     The  compounds  of  water  with  ftdda  and  bases  are  calldd 
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hydrates ;  ns  HO,  SO3,  hydrated  sulphuric  acid,  and  KO,  HO, 
hydrate  of  potash. 

Water  combines  also  vith  neutral  salts,  and  that  in  two  condi- 
tions. In  one  it  is  easily  expelled  by  heat,  and  the  salt,  if  crys- 
tallized, generally  falls  to  powder  when  the  water  has  been 
expelled.  This  is  called  water  of  crystallization,  and  its  quantity 
is  often  very  large.  In  the  other,  a  portion  of  water,  generally 
1  eq.,  is  combined  with  the  salt  by  so  powerful  an  affinity  that  it 
is  with  some  difficulty  separated.  This  is  called  saline  water, 
because  it  may  be  replaced  by  an  equivalent  of  a  neutral  salt  In 
formula,  water  of  crystallization  is  represented  by  aq.  (for  aqua), 
and  saline  water  by  H  O.  Thus,  green  vitriol  is  represented  by 
Fe  0,  SO3  4-  H  O  4-  6  aq.;  that  is,  1  eq.  of  neutral  sulphate  of 
protoxide  of  iron,  1  eq.  of  saline  water,  and  6  eq.  of  water  of 
crystallization.  When  this  salt  is  gently  heated,  the  6  eq.  of  water 
of  crystallization  are  expelled,  but  the  1  eq.  of  saline  water  can 
only  be  expelled  by  a  red  heat.  It  can  also  be  replaced  by  a 
neutral  sulphate,  such  as  sulphate  of  potash,  KO,  8  63,  and  the 
resulting  double  salt  is  Fe  0,  S  Os  +  K  0,  S O3  +  6  aq.  Here, 
aa  in  the  green  vitriol,  the  6  eq.  of  water  of  crystallization  are 
easily  expelled  by  a  gentle  heat. 

In  relation  to  acids,  therefore,  water  acts  the  part  of  a  base  ;  in 
relation  to  bases,  that  of  an  acid  ;  and  in  relation  to  neutral  salts, 
that  of  a  neutral  or  indifferent  substance,  or,  indeed,  of  a  neutral 
salt.  Taking  the  three  examples  of  hydrated  sulphuric  acid,  H  O, 
SO3,  hydrate  of  potash,  KO,  HO,  and  dry  sulphate  of  iron, 
Fe  0,  S  O3  -4-  H  0,  it  is  to  be  observed  that  the  water  in  the  first 
can  only  be  replaced  by  a  base,  such  as  potash,  K  0,  which  would 
yield  sulphate  of  potash,  KO,  SO3;  the  water  in  the  second  can 
only  be  replaced  by  an  acid,  such  as  sulphuric  acid,  SOs,  which 
would  yield  the  same  salt,  KO,  SO3;  and  the  water  in  the  third 
may  be  replaced  by  a  neutral  salt,  such  as  sulphate  of  potash, 
KO,  S  O3,  which  would  give  rbe  to  the  double  salt,  Fe  0,  SOs 
-f-  K  0,  S  O3.  Water  in  these  three  different  characters  is  called 
basic  water,  hydratic  water,  and  saline  water,  and,  in  addition  to 
these,  we  have  water  of  crystallization. 

Besides  these  numerous  forms  of  combination,  in  which  water 
most  frequently  loses  the  liquid  form,  it  enters,  as  a  liquid,  into 
a  peculiar  kind  of  combination  with  the  greater  number  of  all 
known  substances  :  it  dissolves  them.  Of  all  liquids,  water  is  the 
most  powerful  and  general  solvent,  and  on  this  important  property 
its  use  depends.  By  the  solvent  power  of  water,  substances,  inert 
in  the  solid  form,  are  made  to  assume  the  liquid  form,  and  thus 
to  become  active  —  chemical  action  b  promoted  —  subetances 
mixed  together  may  be  separated  from  one  another ;  —  in  short, 
without  water,  not  only  the  op^^ons  of  the  chemist,  but  the 
processes  of  animal  and  yegetable  Ufe,  would  come  to  a  stand. 
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The  solvent  power  of  water,  in  regnrd  to  solid  bodies,  is  gen- 
erally increased  by  liejit.*  Hot  wuter,  therefore,  dissolves  more 
of  most  bodies  thnn  cold  water  does;  eo  lliat  when  a  hot  saturated 
solulJon  cools,  it  deposits  a  quuntity  of  tlie  dissolved  solid,  com- 
monly in  crystals. 

Water  readily  dissolves  or  combines  witli,  or  absorbs,  as  it 
u  termed,  many  gaseous  bodies.  The  gas,  in  this  case,  assumes 
the  liquid  form ;  and  as  heat  tends  to  cause  bodies  to  assume 
the  gaseous  form,  it  is  obvious  that  heat  must  diminish,  and 
cold  increase,  the  solvent  power  of  water  for  gases.  Increased 
preBsure  also  enables  water  to  absorb  more  of  a  gas  than  it  will 
do  under  the  ordinary  pressure,  evidently  because  pressure  favora 
the  liquefaction  of  a  gas,  by  forcing  the  particles  nearer  to  each 
other. 

In  consequence  of  the j^eat  solvent  power  of  water,  it  is  never 
found  pure  in  nature.  Even  in  rain  water,  which  is  the  purest, 
there  are  always  traces  of  carbonic  acid,  ammonia,  and  sea-salt. 
When  the  rain  water  has  filtered  through  rocks  and  soils,  and  re- 
appears as  spring  or  river  water,  it  is  always  more  or  less  charged 
wiUi  salts  derived  from  the  earth,  such  as  sea-salt,  gypsum,  and 
chalk.  When  the  proportion  of  these  is  small,  the  water  is  called 
Uitt;  when  larger,  it  is  called  hard  water.  The  former  dissolves 
soap  better,  and  is  therefore  preferred  for  washing ;  tho  latter  is 
oft^  pleaaanter  to  drink,  bs  its  saline  contents  communicate  to  it 
tk  slight,  but  agreeable  taste. 

When  water  becomes  so  highly  chared  with  foreign  matters  as 
to  have  an  unpleasant  taste,  or  to  acquire  medicinal  virtues,  it  is 
called  mineral  water.  Of  mineral  waters  there  are  several  kinds  : 
those  in  which  iron  predominates  are  called  chalybeate  waters ; 
vhere  sulphur  prevails,  they  are  called  sulphurous  waters  ;  acidu- 
lous waters  are  those  which  contain  much  free  carbonic  acid ;  and 
saline  waters  are  such  as  contain  neutral  salts,  generally  sea-salt, 
and  sulphate  of  magnesia,  or  Epsom  salt 

The  only  way  to  obtain  perfectly  pure  water,  is  to  distil  it; 
and  in  the  laboratory,  no  water  except  distilled  water  should 
ever  be  used,  provided  distilled  water  can  be  procured  in  sufQcient 
qtiantity. 

Water  is  the  standard  of  s^ciEc  gravity  for  liquid  and  solid 
bodies,  and  its  specific  gravity  is  therefore  represented  by  1. 

*  In  Ibe  InalaDCe  of  linui,  colli  water  holds  lu  solution  the  gnUett  qaan- 
flty,  from  the  fact  that  cold  water  contaliu  in  loliiliaD  a  |rreater  volume  of 
earfaoDic  acid  than  hoi  water.  The  catbODlc  acid  contained  in  tlia  water, 
enablea  il  to  dluolve  and  hold  in  nlatlan  mom  lime  than  II  would  other- 
Win.  This  doe*  not  really  conflict  with  the  law,  that  hot  water  holda  Id 
•olntlou  a  larger  quantity  of  lolid  matter  than  cold  water ;  for  the  gaa,  by 
Ita  iDcreaaed  cisiticlly,  through  the  addition  of  heat,  [■  expelled  from  tba 
water,  and  thua  Ita  aalTent  sabatance  la  loct.  8. 
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b.    Dcutoxide  of  Hydrogen.     HOi=:  17-013. 

This  compound  is  formiMl,  in  somo  cases,  whore  oxygen  is  pre- 
sented in  the  nascent  state  to  water.  The  best  process  is  that  of 
Pelouze,  which  consists  in  adding  to  diluted  hydrofluoric  acid 
(fluosilicic  or  phosphoric  acids  may  equally  be  used),  kept  very 
cold,  exactly  so  much  of  the  peroxide  of  barium,  tliat  neither 
barium  nor  the  acid  c<in  be  detected  in  the  liquid,  the  whole  of 
both  being  precipitated  as  fluoride  of  barium :  BaOa  +  H  F  = 
BaF  +  HOa.  The  deutoxide  of  hydrogen  is  dissolved  by  the 
surrounding  water,  and  the  filtered  liquid  is  concentrated  by  being 
placed  under  the  exhausted  receiver,  along  with  a  vessel  contain- 
ing sulphuric  acid,  the  whole  being  kept  cold.  The  process,  even 
in  this  form,  is  tedious  and  difficult,  but  much  less  so  than  the 
original  method  of  Th^nard,  who  discovered  the  compound. 

The  deutoxide,  peroxide,  or  superoxide  of  hydrogen,  when  as 
free  from  water  as  possible,  is  a  syrupy  liquid,  colorless,  and  pos- 
sessed of  a  slight  disagreeable  odor,  like  that  of  bleaching  liquor, 
and  of  a  peculiar  nauseous,  bitter,  and  astringent  taste.  Its  8p. 
G.  is  1'463  (water  =  1).  It  does  not  become  solid,  even  in  a  very 
intense  cold. 

This  compound  is  very  easily  decomposed,  yielding  water  and 
oxygen.  The  contact  of  carbon,  of  many  metals,  and  even  of 
metallic  oxides,  also  of  many  salts,  causes  the  separation  of  oxygen, 
often  with  explosion,  and  sometimes  with  a  flash  of  light  It  is 
very  remarkable  that  peroxide  of  manganese,  for  example,  should 
cause  this  rapid  decomposition,  without  combining  with  any  part 
of  the  disengaged  oxygen ;  and  still  more  astonishing,  that  oxide 
of  silver  should  decompose  it  with  explosion,  while  the  oxide  of 
silver,  so  far  from  combining  with  more  oxygen,  loses  all  that-  it 
previously  contained,  and  is  reduced  to  the  metallic  state.  We 
cannot,  at  present,  explain  these  phenomena.  The  application  of 
heat  to  the  deutoxide  of  hydrogen,  causes  oxygen  to  escape  with 
effervescence.  It  is  less  easily  decomposed  when  diluted,  and 
especiallv  if  acidulated ;  the  presence  of  a  base,  on  the  contraryt 
hastens  its  decomposition. 

It  is  very  probable  that  this  remarkable  compound  will  be  found 
to  possess  valuable  properties  as  a  medicinal  agent,  and  it  is  much 
to  be  desired  that  its  preparation  could  be  rendered  easier. 

3.  NiTROGEH.     N=  14-19. 

Stn.  Azote. —  Discovered  by  Rutherford,  in  1772.  Occurs 
principally  in  the  atmasphere,  of  which  it  forms  79  or  80  parts  in 
100  by  volume,  and  about  77  by  weight ;  also,  in  minute  quan- 
tity, in  the  atmosphere  as  ammonia.  It  is  an  essential  ingredient 
of  all  animal  tissues,  and  of  all  such  vegetable  products  as  can  be 
converted  into  blood  in  the  animal  body ;  also  of  the  yegetable 
bases  and  other  yegetable  compounds,  such  as  indigo,  &o.  «o« 
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It  ia  best  obluDed  by  the  action  of  baniing  pliospbonu  on  & 
confined  portion  of  air,  over  water.  The 
phosphorus  takes  ihs  oxygen,  formins 
pfaosphoric  acid,  which  ia  eood  removea 
by  the  water,  and  nitrogen  gaa  is  left. 

Nitrogen  is  a  colorless  and  transparent 
gas,  devoid  of  taste  aad  smel!,  and  chiefly 
■  distinguUhed  by  the  absence  of  active 
'  properties.  It  does  not  support  combna- 
(ion,  neither  does  it  bum  itself.  It  is 
incapable  of  supporting  animal  life,  and  consequently  an  animal, 
immersed  in  pure  nitrogen,  soon  dies  ;  but  only  because  oxygen  is 
absent,  for  nitrogen  itaelf  is  so  far  from  being  poisonous,  that  the 
air  ne  breathe  contains  |  of  its  bulk  of  that  gas  in  an  uncombined 
state.  It  series  to  dilute  the  oiygeo,  and  for  that  purpose  it  U 
admirably  adapted,  from  tbe  absence  of  marked  characters  or 
strong  affinities.  Its  specific  gravity  b  rather  less  than  that  of  iur, 
being  0-970. 

Nitrogen  cannot  be  miido  to  unite  directly  with  any  element,  and 
only  forms  combinations  when  one  or  both  elcmenta  are  in  the 
nascent  state.  It  is,  therefore,  unlike  the  other  metalloids,  in  K 
high  degree  chemically  indifferent  or  neutral.  But,  under  favor- 
able circumstances,  it  does  combine  With  most  of  tbe  metalloidi, 
and  with  several  metals.  Its  most  important  compounds  are  those 
with  oxygen  and  with  hydrogen.  Almost  alt  compounds  of  nitro- 
gen are  easily  decomposed,  and  many  of  them  are  even  dangerous, 
from  their  tendency  to  explode  from  very  slight  causes. 

It  is  this  very  character  of  easy  decomposnbility  that  gives  to 
the  compounds  of  nitrogen  their  very  high  impurlance  in  the 
organised  kingdoms  of  nature.  We  shall  hereafter  see  how  impor- 
tant a  part  these  compounds  perform  in  the  formation,  as  well  as 
in  the  destruction,  of  organic  bodies. 
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a.  Atmospheric  Air. 
The  air  of  our  atmosphere  is  formed  of  nitrc^n  and  oxygen, 
not  in  a  state  of  combination,  but  simply  mixed  together.  D^ton 
has  shown  that,  when  any  two  gases,  however  diflferent  in  density, 
are  placed  in  communication,  they  are  very  soon  found  to  be  com- 
pletely and  equally  mixed,  even  although  they  have  no  tendency 
to  combine  chemically.  This  is  the  case  with  the  gases  in  air. 
The  properties  of  each  are  present,  only  modified  slightly  by  the 
presence  of  the  other  ;  whereas  chemical  combination  gives  rise 
to  new  compounds,  possessing  entirely  new  properties.  This  is 
eminently  the  cose  in  the  compounds  which  are  really  formed  be- 
tween nitrogen  and  oxygen,  so  that  we  are  forced  to  look  upoB 
Uw  air  as  a  mixture  merely. 


It  U  remarkable,  however,  that  the  proportions  of  the  gases  are 
rach  as  correspond  almost  exactly,  br  weight  and  by  TOlame,  to 
S  oq.  nitrogen  and  1  eq.  oxygen.     Or  100  vol.  of  air,  79  or  8 


are  nitrogen,  and  20  or  SI  oxygen.  Here  we  hare  the  ratio  of  4 
vol.  to  1.  100  parts  of  air,  by  weight,  contain  nearly  77  of  nit* 
rogen  and  23  of  oxygen  ;  that  ia  almost  exactly  28  of  nitrogen  to 
B  of  oxygen,  or  Ni  O. 

The  physical  properties  of  air  are  well  known.  It  is,  like  all 
bases,  elastic,  and  it  possesses  such  a  density,  that  100  cnbic 
inches  weigh  about  31  grs.  Hence,  the  whole  atmosphere  presses 
m  the  surface  of  the  earth  with  a  very  great  force,  equal  to  about 
14  lbs.  on  each  square  inch  of  surface.  In  other  words,  a  col- 
umn of  air,  1  square  inch  in  base,  and  equal  in  height  to  the 
atmosphere,  weighs  14  lbs.  But  the  further  consideration  of  this 
subject  belongs  Co  physics.  Air  is  made  the  standard  of  specific 
gravity  for  gases  and  vapors,  and  its  Sp.  0.  is  made  I-OUO. 

The  chemical  properties  of  air  are  chiefly  those  of  the  oxygen 
R  contains,  modified  by  the  presence  of  4  times  its  bulk  of  the 
negative  body,  nitrogen.  Air  supports  combustion,  and  the  res- 
piration of  animals,  as  long  as  the  proportion  of  oxygen  does  not 
tall  below  a  certain  amount'. 

Besides  nitrogen  and  oxygen,  the  ^r  always  contuns  more  or 
less  watery  vapor,  which  is  almost  equally  important  to  animal 
and  vegetable  ufe,  aince  neither  animals  nor  plants  can  live  long 
in  a  perfectly  dry  air. 

Air  also  contains,  as  ingredients  essential  to  the  life  of  plants, 
and  thus  indirectly  also  to  that  of  animals,  minute  proportions  of 
oarbonic  acid  and  of  ammonia.  The  amount  of  the  tormer  sel- 
dom, in  the  open  air,  exceeds  y^,  part  of  the  weight  of  the  air; 
while  the  proportion  of  ammonia  is  much  smaller  even  than  this. 

When  it  is  required  to  ascertain  the  exact  proportion  of  oxygen 
in  any  specimen  of  air,  the  object  may  be  obtained  in  a  variety 
of  ways.  The  operation  is  called  eudiometry,  and  the  instmmenia 
employed  eudiometers.  The  most  commonly  employed  is  that  of 
Volta,  modified  by  Ure,  which  is  simply  a  graduated  glass  tube, 
closed  at  one  end,  bent  as  in  the  figure,  and  fur- 
nished with  two  platinum  wires,  to  allow  the 
electric  spark  to  pass.  The  air  being  introduced 
and  measured,  half  its  hulk  of  pure  hydrogen 
gas,  or  thereabouts,  is  added,  and  the  whole 
measured  again.  The  gas  being  confined  by 
waler  or  mercury,  and  the  open  end  of  the  tube 
stopped  by  the  finger  or  thumb,  the  spark  is 
apassed  through  the  mixture,  when  an  explosion 
p  takes  place,  and  a  certain  portion  of  the  mixture 
disappears,  the  water  or  mercury  rising  in  the 
tube  to  supply  its  place.    The  residue  »  now 
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measured,  and  ^  of  the  volume  which  haa  disappeared  is  oxygen. 
It  n  obvious  that,  if  there  be  enough  of  hydrogen,  the  whole  of 
the  oxygen  will  assume  the  fonn  of  wat£r,  and  both  the  oxygen 
and  hydrogen  of  that  water  must  lose  the  gaseous  form.  Now  as 
water  is  formed  of  2  vol.  hydrogen  to  I  vol.  oxygen,  ^  of  thu 
volume  of  the  gases  which  have  combined  must  be  oxygen. 

If,  for  example,  100  measures  of  air  are  mixed  with  fiO  of 
bydrc^n,  the  bulk  of  the  whole  will  be  150.  If,  now,  after  ex- 
plosion, 87  parts  remain,  it  is  plain  that  63  have  disappeared. 
Mid  of  these  63  measures  Zl,  or  J,  are  oyxgen,  origiDally  cou- 
taiiied  in  the  100  of  air,  while  -13,  or  |,  are  hydrogen. 

Gay-Lussac  has  lately  proposed  to  remove  the  oxygen  from  a 
measured  portion  of  nir,  by  means  of  copper  moistened  by  sul- 
phuric or  hjdrocliloric  acid,  which  soon  absorbs  that  gas  com- 
pletely. The  diminution  of  volume  hero  is  exactly  equal  to  the 
proportion  of  oxygen  present. 

There  are  many  other  eudiometrical  methods,  but  the  above  are 
the  best. 

The  amount  of  water  in  the  atmosphere  is  ascertained  by 
hygrometers,  of  which  there  are  various  kinds.  That  of  Daniell 
is  the  best  It  is  founded  on  the  fact,  that  the  temperature  at 
which  the  water  contained  in  the  air  is  deposited  as  moisture. 
Times  with  the  amount  of  moisture  present.  The  drier  the  air, 
the  more  must  it  be  cooled  before  it  begins  to  deposit  moisture. 
If  the  air  be  saturated  with  moisture,  the  cooling  of  it  one  degree 
will  cause  a  deposition  of  dew,  and  the  temperature  at  which  dew 
is  deposited,  is  called  the  dew-point.  The  details  of  this  and 
other  hygrometers  belong  to  pliysics. 

The  presence  of  water  in  the  atmosphere  may  be  shown  at  any 
time  by  exposing  a  deliquescent  substance,  such  as  chloride  ol' 
calcium,  to  the  air,  when  it  quickly  becomes  moist,  and  finally 
liquefies  by  attracting  moisture.  Air,  or  any  other  gas,  may  thus 
be  dried,  either  in  a  tube  over  mercury,  into  which  the  drying 
substance  is  introduced,  or  by  passing  the  gas  through  a  long  tube 
filled  with  the  substance  in  coarse  powder,  or  through  strong 
sulphuric  acid,  which  has  a  powerful  affinity  for  water. 

The  OSes  of  atmospheric  air  are  obvious.  Besides  supporting 
animal  and  vegetable  life,  it  is  essential  to  all  our  modes  of 
obtaining  heat  and  light  by  combustion. 

It  is  very  imporuuit  to  remark,  that  although  the  processes  of 
respiration  and  combustion,  as  well  as  that  of  the  decay  and 
fiiitrelficliott  of  animal  and  vegetable  matter,  are  constantly  re- 
moving oxygen  from  the  air,  yet  the  proportion  of  that  element 
never  diminishes,  being  kept  up  by  the  process  of  vegetable  life. 
In  like  manner,  respiration  and  combustion  are  continually  send- 
ing carbonic  acid  into  the  atmosphere  in  place  of  the  oxygen  they 
consume,  and  yet  the  air  does  not  become  more  higbly  obHl'gBd 
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with  carbooic  acid  ;  for  the  same  process  of  ve^table  Jife  which 
restores  oxygen  to  the  ur,  removes  an  equal  balk  of  carbonic 
acid.  —  from  which,  indeed,  the  oxygen  thus  restored  is  derived. 

b.  Protoxide  of  Nitrogen.     NO  =  23-303. 

Snt.  yilroiu  Oxidt ;  Intoxicating  or  Lauijking  Qat.  —  Prepared 
by  applying  a  moderate  hent  to  pure  nitrate  of  ammonia  in  a  re- 
tort The  salt  melts,  boils,  and  is  soon  entirely  volatiliied  in  tlie 
form  of  water,  which  triciiles  down  the  neck  of  the  retort,  and 
protoxide  of  nitrogen,  which  being  gaseous,  may  be  collccled 
over  water.     The  following  equation  represents  the  change  : 

(NHi  +  NO.)  =  3HO  +  2NO. 
Showing  that  1  eq.  of  ammonia  and   1  cq.  of  nitric  acid  yield  3 
eq.  water,  and  S  e<),  protoxide  of  nitrogen. 

This  compound  is  a  gas,  colorless  and  transparent.  It  has  a  faint 
smell  and  a  sweetish  taste.  It  is  slowly  absorbed  by  water,  and 
therefore  cannot  be  long  kept  over  that  liquid.  Its  specific  gravity 
is  r627.     It  may  be  liquefied  by  a  pressure  of  50  atmospheres.* 

By  weight  it  contains  8  parts  of  oxygen  to  l4  of  nitrogen,  and 
by  volume,  2  vol.  of  nitrogen  and  1  vol.  of  oxygen,  condensed 
into  the  bulk  of  2  vol.  Hence  this  gas  uojKains  its  own  bulk  of 
nitiogen,  and  half  its  bulk  of  oxygen,  while  air  only  contains  \  of 
its  balk  of  that  gas.  Consequently,  as  some  combustible  bodies, 
such  as  phosphorus,  or  a  candle,  if  burning,  are  capable  of  de- 
composing this  gas  and  seizing  its  oxygen,  they  burn  in  it  with 
great  brilliancy.  Probably  for  a  similnr  reason,  it  is  capable  of 
supporting  life  for  a  short  time,  if  respired,  and  its  action  on  the 
human  system  is  most  i-emarkable.  In  most  persons  it  causes 
very  agreeable  sensations,  a  sense  of  lightness,  a  rapid  and  bril- 
liant flow  of  ideas,  accompanied  with  an  irresistible  tendency  to 
laughter  and  to  very  violent  muscular  exertion.  These  effects  only 
Jut  for  a  minute  or  two  after  the  gas  has  been  breathed  as  long  as 

C'ble  :  but  they  are  not  followed,  like  those  of  other  excitants, 
ay  sense  of  depression  or  languor ;  on  the  contrary,  a  certain 
feeling  of  exhilaration  and  unusual  lightness  of  spirits  is  often 
felt  for  a.  whole  day  after.  In  some  ca^es  the  etfects  are  unpleas- 
ant, such  aa  headache,  a  rush  of  blood  to  the  head,  and  a  tend- 
ency to  stupor.  The  experiment  must  be  therefore  made  with 
caution,  and  the  gas  witndrnwn,  should  the  face  of  the  cxperi- 
,  meiiter  appear  Busked  to  any  considerable  extent.     As  he  ia  often, 

■  Liqntd  Prctoxido  of  Nitrogen  !■  a  clsir,  colorIsM,  vsry  mobile  liquid.  If 
a  dl<>p.i>f  it  tonchM  the  ikln,  II  produc«*  Inatent  iliwirnnlution,  re*embllD{[ 
tfaalafabaTD.  Metata  dropped  Into  It  bin  like  red lioL  Iron.  Mercury  it 
ioattatlT  fTOxeo,  u  elao  ore  aiilphnric  end  nitric  ncide.  Ether  and  alcohol 
an  a«t  OMeD,  bat  water  Is  inilBDtljr  froien,  prodaclo^  by  the  sadden  arap- 
M«Uon  of  the  liquid,  ■  kind  of  oiptodon.  Ignited  cl>u«<ml  floats  Is  it 
barling  wHh  great  biillbuioy.  S. 
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however,  vnwilling  to  relinquish  the  bag  of  g«s,  an  aperture  should 
be  made  in  the  side  of  the  breathiog-pipe,  and  stopped  with  a 
oork,  which  mnj  be  removed  if  necesiiary,  thus  adniiltin^  tUf  to 
the  mouth,  and  putting  an  end  to  all  danger.  These  very  singular 
properties  of  this  gas  were  ■first  discovered  by  Davy ;  and  in  a 
physiological  point  of  view,  they  merit  further  investigation  thttn 
they  have  yet  received.  The  gas  has  been  tried  in  medicine,  but 
hitherto  without  much  beneSt ;  although  in  America  it  is  said  to 
have  been  found  useful  in  cases  of  melancholia. 

Protoxide  of  nitrogen  is  neutral  or  indifferent,  and  has  hardly 
any  tendency  to  combine  with  other  bodies.  According  to  Pe- 
louze,  liowever,  it  combines  with  the  salts  of  sulphurous  acid,  or 
enlphites. 

c.  Dciitoxideof  Nitrogen.     NOi=30'316. 

Sts.  XUrie  Oxide:  yUrous  Qas._ — Best  obtained  hy  the  action 
of  copper  clippings  on  moderately  strong  nitric  acid,  in  the  appa- 
ratus, p.  6S.  The  mettd  is  dissolved  with  effervesence,  and  the 
gas  may  be  collected  and  preserved  over  water.  , 

A  gas,  transparent  and  colorless.  Its  taste  and  smell  are  not 
known,  because  as  anon  ns  it  comes  in  contact  with  air,  it  forms, 
with  the  oxygen,  red  vapors  of  nitrous  acid,  which  have  a  suffoca- 
ting smell  and  a  rough  acid,  corrosive  tuste.  It  supports,  lILe  the 
preceding  gas,  the  combustion  of  burning  phosphorus,  and  for  the 
same  reason,  namely,  that  it  contains  half  its  bulk  of  oxygen, 
being  formed  of  equal  volumes  of  nitrogen  and  oxygen,  united 
without  condensation.  Its  specific  gravity  is  consequently  the 
mean  between  those  of  oxygen  and  nitrogen,  or  10416.  A  burn- 
ing candle  is  extinguished  in  this  gas,  and  it  not  only  does  not 
support  life,  butcannot  be  brcatbeil.'as  it  forms  nitrous  acid  gas 
in  the  mouth,  and  the  glotds  instinctively  closes  against  the  latter. 

Its  most  distinctive  character  is  tliat  of  forming,  when  mixed 
with  air  or  oxygen,  a  red  gas  or  vapor,  which  is  nitrous  acid,  and 
which  instantly  disappears  if  in  contact  with  water,  being  absorbed 
by  that  liquid.  As  the  formula  of  the  deutoxide  is  NOj,  and  that 
of  nitrous  acid  NOi,  it  is  plain  that  the  latter  mny  be  formed 
from  the  former  by  the  mere  addition  of  oxygen.  As  the  red 
vapors  are  very  remarkable,  the  deutoxide  may  be  used  as  a  lest 
of'  the  presence  of  free  oxygen  in  a  gaseous  mixture. 

If  a  few  drops  of  bisulphide  of  carbon  bo  added  to  a  jar  of 
this  gas,  and  a  hght  applied  to  the  mixture,  it  burns  rapidly  with 
a  bright  blue  flash  of  light 

The  deutoxide  of  nitrogen  is  abundantly  absorbed  by  any  solu- 
tion containing  a  salt  of  protoxide  of  iron,  such  as  green  vitriol, 
forming  a  brown  solution,  from  which  the  gas  may  be  expelled 
unchanged  by  boiling.  This  solution  absorbs  oxygen,  and  has 
been  used  in  eudiometry,  but  it  does  not  give  accurate  results. 
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d.  HjrpoaitroiiB  Acid.     N  Oi  =  3S  339. 

9rti.  Aeidt  Xitttux ;  Salpetrige  SaHrt. — It  is  formed  when  a 

■trong  bnsc,  such  as  potath,  is  brought  into  contact  with  tbe  pre- 

eedJDg  gnn,  protoxide  of  nitrogen  being  given  off,  while  the  Mid 

UBites  with  the  base.     Thus  : 

K  O  +  a  N  Oi  =  K  O,  N  Oi  +  N  O. 
It  is  best  obtained,  however,  hy  heating  one  part  of  starch  in  8 
parts  of  nitric  acid,  Sp.  G.  1*25,  and  conducting  the  disengaged 
gases,  first  .through  a  long  tube  filled  with  chloride  of  calcium,  to 
remove  water,  and  then  through  a  dry  tube  cooled  down  to — 4° 
F.  in  which  latter  (be  acid  condenses,  as  a  very  volatile  liquid 
which,  while  cold,  is  colorless,  but  at  the  ordinary  temperature 
becomes  green.     Its  properties  are  little  known. 

Id  contact  with  water  it  is  destroyed,  giving  rise  to  nitric  acid 
and  deutoxide  of  nitrogen,  thus : 

3NOs  =  N0.  +  aN0». 
%  The  salts  of  this  acid  are  obtained  by  heating  a  nitrate,— for 
example,  nitrate  of  potash  or  soda,  —  till  it  be^DS  to  predpitate 
nitrate  of  silver  brown.  The  whole  is  then  precipitated  oy  nitrate 
of  silver,  the  precipitate  dissolved  in  boiling  water,  and  the  hypo- 
nitrite  of  silver  crystalliECB  on  cooling.  From  this  salt,  by  the  action 
of  soluble  chlorides,  the  other  hyponitrites  may  be  obtained. 
They  hare  been  little  studied. 

c.  Nitrous  Acid.  N  Ot  =  46349. 
Bra.  Aeide  Uyponitrique.  UnUrudptttrMUit.  —  This  is  the  acid 
which  appears  as  red  vapors  when  deutoxide  of  nitrogen  mixes 
with  air,  or  with  oxygen.  1  vol.  deutoxide  of  nitrogen,  and  \  vol. 
of  oxygen,  if  mixed  quite  dry,  and  cooled,  form  the  liquid  nitrous 
acid ;  bat  it  is  most  easily  obtained  by  distilling  dry  nitrate  of 
ksd.    Equation, 

(Pb  O,  N  O.)  =  Pb  O  +  O  +  N  O*. 
In  this  experiment  oxide  of  lead  is  left,  and  oxygen  gaa  and 
nitrous  acid  pass  over,  the  latter  condensing  in  the  well-cooled 
receiver.  If  intensely  cold,  it  is  colorless ;  but  as  it  becomes 
warmer,  it  assumes  a  yellow  or  orange  color,  Its  Sp.  G.  in  the 
liquid  form  is  1.4S.  It  boils  at  about  82°,  and  is  converted  into  a 
deep  red  vapor,  or  gas,  which,  if  further  heated,  becomes  nearly 
black,  or  impervious  to  light.  If  once  mixed  with  air  or  any  other 
gaa,  it  can  only  with  very  great  difficulty  be  condensed,  so  tliat  it 
n  commonly  seen  in  the  form  of  vapor.  It  has  an  unpleasant 
suffocating  smell,  and  cannot  be  breathed  with  impunity  even  for 
a  moment.  It  supports  the  combustion  of  almost  all  combuatiblo 
bodies,  bv  virtae  of  its  large  proportion  of  oxygen. 
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In  contact  vith  water,  it  is  destroyed,  ^nns  rise,  like  tbe  pre- 
ceding acid,  to  nitric  acid,  and  deutozide  of  nitrogen.  Thus,  3 
NOt  ^2  NO] -fNOi.  As  it  undergoes  the  same  change  in 
c(Hitact  with  all  bases  hitherto  tried,  its  salts  are  unknown.  Along 
with  pure  nitric  acid,  it  forms  the  orange-fuming  nitric  acid  of  the 
shops,  often  called  nitrous  acid. 

f.  Nitric  Acid.    NO*  =  64-355. 

Formula  of  the  hydrated  acid,  U  O,  N  Oi,  or  H,  N  Oi  =63368. 

This,  the  most  important  of  all  the  compounds  of  nitrogen  and 
oiygen,  occurs  very  frequently  in  nature,  chiefly  combined  with 
potash  or  soda,  forming  nitre  and  cubic  nitre  ;  also  in  minute  pro- 
portion in  rain  waU^r  after  thunder-storms.  It  is  formed  in  natural 
or  artificial  nitre  beds,  where  animal  or  vegetable  matter  containing 
nitrogen  is  exposed  to  tbe  air  alon?  wiQi  bases.  The  nitrogen 
being  disen^ged  as  ammonia,  N  Hj  is  oxidised  along  with  the 
hydrogen,  yielding  nitric  acid  and  water  ;  thusNHa  +  Ot  =  N 
Of  -^-  3  HO.  The  acid  is  seized  by  the  base  present,  and  nitre  is 
formed.  The  nitric  acid  occasionally  found  in  rain  water  is  also 
produced  by  the  oxidation  of  ammonia ;  its  quantity  is  too  small  to 
arise  from  the  oxidation  of  the  nitrogen  of  the  air.  The  dry  acid, 
NOj  is  unknown  in  the  separate  form  ;*  if  we  attempt  to  separate 
it  from  water  or  a  base,  itis  resolved  into  nitrous  acid  and  oxygen ; 
thus,  NO.=N  0,-1-0. 

The  hydrated  acid,  H  O,  N  Oi.  or  H,  H  0*.  is  the  substance 
commonly  called  nitric  acid.  It  is  best  prepared  by  the  distilla^on 
of  a  mixture  of  equal  weights  of  hydrated  sulphuric  acid,  or  oil  of 
vitriol,  and  of  nitre  or  saltpetre,  the  nitrate  of  potash.  The  salt  in 
coarse  powder  being  introduced  into  a  plain  retort,  the  acid  is 
poured  in  by  means  of  a  retort  fiinnet.  The  retort  is  then  placed 
'-  1  sand-bath  over  the  lamp,  and  cautiously  heated,  UU  the  acid 

3'ns  to  drop  into  the  receiver,  which  is  to  be  surrounded  with 
water.  As  the  nitre  generally  contains  a  little  sea-salt,  the 
first  portions  of  acid  whioh  distil  are  impure,  containing  chlorine, 
and  nitrous  acid  ;  but  they  serve  to  wash  quite  clean  the  neck  of 
the  retort;  on  which  some  sulphuric  acid  is  commonly  to  be  found, 
in  spile  of  all  our  care,  as  well  as  traces  of  the  powdered  nitre. 

■  Since  the  above  wu  wiltleD,  Af.  Drsillt  has  succeeded  In  preduclnj;  what 
he  deems  Ihlincid.  Perfectly  dry  chlorine,  !■  pused  over  dry  oltnle  ofailver. 
If  the  nitralaisheated  to  903°  F.  and  then  reduced  to  140O—150O,  the  deconi- 
potlUon  proceeda  regalarly.  Hypoullroug  scid  ii  si  Gnt  formed,  but  u  the 
temperature  is  reduced,  the  BQhydTOUiDltrlc  acid  lidepoaited  io  cryitala  la  Iha 
cold  porta  of  the  appuratiu,  which  ii  cooled  with  Ice.  Aubydroua  nitric  acid 
formi  lurgr,  brilllaut,  colorlen  eiyatals  in  six-sided  priams  of  the  trimatrlc 
•yrtem.  May  melt  at  850,  and  boil  at  113°.  Much  heat  Is  Moived  when 
tiiey  ore  brought  Id  coDtoet  with  water,  and  mIuUoq  ensoea  without  eac^e 
of  gas-    This  solotlon  forms  nitnts*.  B> 


it. 
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U  in  hm\ .  t  l)rn.f.ffc.  to  coUect  the  firat  portion,  say  y,  of  »•>«  who]e. 
tn  *  M>i)nritl(>  n>rwvcr.  ud  when  the  liquid  tlmt  dropa  is  found  to 
be  free  from  chlorine  (by  the 
test  of  nitrate  of  silver),    the 
receiver  la  changed,  and  the  rest 
of  the  nitric  acid  is  thus  obtaiDcd 
quite  pure,  or  at  most,  slightly 
tinged  hy  -nitrous  acid.     By  this 
I   simple  device,  we  avoid  the  ne- 
cessity of  redistilling  the  acid, 
as  commonly  directed.     The  im- 
pure portion  which  brst  passes 
over,  13  extremely  well  adapted 
for  all  experiments  of  illustration, 
and  ought  to  be  carefully  preserved  for  such  purposes. 

The  following  equation  explains  the  change  in  this  process : 
(KO,  NOO-f  3  (HO,  8O»)=(K0,  HO,  3  aOi)  +  HO.  NO*. 
For  1  cq.  of  nitre,  wo  take  2  cq.  of  oil  of  vitriol,  and  we  obtain 
1  €q.  of  hydrated  bisniplmtc  of  potn»h,  nnd  1  eq.  of  hydralcd 
nitric  acid.  We  tnkc  equal  weights  of  tlie  muteriaU,  because  1  cq. 
of  nitre  weighs  102,  while  2  eq.  of  oil  of  vitriol  weigh  98 ;  ond 
a  slight  eicens  of  the  latter  is  advantageous  rather  than  otheririsc. 
By  using  I  eq.  of  oil  of  vitriol,  we  may  also  obtain  nitric  acid  ; 
but  a  much  higher  temperature  is  required,  and  a  large  pnrt  of  the 
add  is  decomposed  into  oxygen,  which  escapes,  and  nitrous  acid, 
which  combines  with  the  nitric  acid,  giving  it  a  deep  red  color,  and 
causing  it  to  give  out  red  fumes.  Moreover,  in  the  latter  case, 
neutral  sulphate  of  potash  is  luO,  which  can  hardly  be  got  out  of 
the  retort  without  breaking  it ;  while  tlie  bisulphate  of  potash, 
fiinned  in  the  operation  first  described,  may  be  easily  dissolved  out 
by  hot  water. 

Hydrated  nitric  acid,  when  pure,  is  a  colorless  liquid,  ^ving  out 
dense  gray  fumes,  on  exposure  to  the  nir.  Its  Sp.  0.  is  1-52  to 
1-63.  It  freezes  at  40°,  and  boils  at  108"*.  If  diluted  somewhat 
with  water,  so  as  to  have  the  Sp.  O.  1-42,  it  boils  at  24B°  ;  but  if 
still  wenkcr,  it  boils  more  easily,  and  become  stronger,  till  the 
boiling  point  reaches  248°,  when  it  distils  over  unchanged.  Nitric 
acid  has  a  pungent,  rather  disagreeable  smell,  is  very  acid  and 
corrosive,  and  stains  the  skin,  and  organic  matter  in  general, 
yellow. 

It  has  B  strong  attraction  for  water,  and  becomes  hot  when 
mixed  with  it.  (Acid  of  middling  strength,  mixed  witli  snow, 
causes  it  to  liquefy  instantly,  producmg  intense  cold.) 

Nitric  acid  is  very  easily  decomposed.  If  passed  ihrangh  a 
red-hot  porcelain  tabe,  it  is  resolved  into  oxygen  and  nitrogen. 
All  combustible  or  oxidizable  bodies  deprive  it  of  oxyg«n,  redo- 
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cin?  it  to  nitrons  acid,  byponilrous  acid,  or  deutoxide  or  nitrogen  ; 
uideren,  ia  some  cases,  removing  all  the  oiygen.  and  leaving 
onlv  nitrogen  gas.  The  action  is  genenillj  attended  with  heat ; 
and  in  ?ome  coses,  such  as  phosphorus  and  essentiiil  oils,  combus- 
tion takes  place,  and  even  dangerous  consequences  may  ensua 
from  the  acid,  or  the  burning  body  ;  which  is  scattered  about  by 
the  violent  commotion.  Nitric  acid  is,  therefore,  a  very  powerful 
ojudizing  t^ent,  and  is  much  used  for  oxidizins  and  dissolving 
metals,  such  as  silver,  copper,  mercury,  die.  It  is  remarkable 
that  the  very  strongest  acid  does  not  attack  metals ;  but,  on  the 
addition  of  a  few  drops  of  water,  a  most  violent  action  ensues. 
*  The  presence  of  nitric  acid  in  a  liquid  is  best  nscert^ned  by 
adding  pure  oil  of  vitriol;  and  then  a  drop  or  two  of  solution  o( 
green  vitriol.  If  nitric  acid  be  present,  a  red  or  brown  color  will 
appear  where  the  two  liquids  meet;  and  by  this  test  it^h  of 
mtric  acid  may  be  detected. 

Pure  nitric  acid  ought  to  be  enUrelv  volatile  ;  and  when  diluted 
with  distilled  water,  to  give  no  precipitate  with  the  salts  of  baryta, 
or  of  silver. 

Nitric  acid  is  used  in  medicine,  and  in  the  arts  ;  in  the  latter,  as 
aquafords;  To  the  chemist,  it  is  one  of  the  most  valuable  agents, 
and  is  daily  employed  as  a  means  of  oxidizing  metals  and  organic 
substances.  The  tendency  of  this  acid  to  yield  oxygen  to  combus- 
tible bodies  is  found  also  in  its  salts,  especially  at  a  red-heat ;  and 
hence,  nitrate  of  potash,  or  saltpetre,  is  an  essential  ingredient  of 
gunpowder,  and  of  the  various  mixtures  used  for  rockets  and 
lire-worlu  ;  in  all  of  which  it  is  mixed  with  chareoal  and  sulphur 

With  bases,  nitric  acid  forms  salts  called  nitrates.  Most  of 
these  are  neutral,  with  the  general  formula  MO,  NOi  ;  but  there 
arc  a  few  basic  nitrates,  in  which  one  or  more  atoms  of  the  base 
are  added  to  the  neutral  salts.  All  the  nitrates  are  decomposed 
by  sulphuric  acid,  and  tbey  may  be  recognized  by  deflagratiDg 
witb  red-hot  charcoal,  and  by  the  test  above  given  for  nitric  acid, 
which  distinguishes  them  from  other  deBagrating  salts,  such  aa 
chlorates,  &c. 

KITROOEN  AND  nrSROOKH. 
a.  Amide.  NH«=lfll9. 
Stb.  Amidiyen.  —  This  compound  is  unknown  in  a  separate 
state,  hut  is  believed,  with  good  reason,  to  exist  in  many  com- 
pounds. If  potassium,  for  example,  be  heated  in  dry  ammoniacal 
gas,  NHi,  ^  of  the  hydrogen  is  expelled,  and  an  olive-colored 
solid  remains,  the  compo^tion  of  which  is  K,  NHt.  It  is  viewed 
as  a  compound  of  potassium  with  amide,  the  amidide  or  amiduret 
of  potassium.  When  put  into  water,  potash  and  ammonia  are 
formed,  thus:  K,  NH.  +  HO  =  KO -f  NHj.  Compounds  of 
amide  with  sodium,  with  carbonic  oxide  (oxamide),  with  benzoyle 
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"\'  (benzamide),  and  other  substances,  are  known.  Their  general 
^  character  is,  in  contact  with  water,  and  under  the  influence  of 
acids  and  bases,  to  be  resolved  into  ammonia  and  an  oxidized 
product  commonly  an  acid.  Thus  oxamide,  Ca  Oa,  NHa,  along 
with  water,  HO,  in  the  presence  of  an  acid  or  alcali,  yields  am- 
monia, NHa,  and  oxalic  acid,  Ca  Oa.  It  is  this  very  powerful 
affinity  for  hydros^en  which  has  hitherto  defeated  all  our  efforts  to 
isolate  amide.  The  various  compounds  of  amide  will  be  described 
in  their  proper  order. 

b.  Ammonia.     NHa  =17*19. 

Srv.  Vdaiile  alcali —  Occurs  in  combination  with  hydrochloric  * 
add,  as  sal  ammoniac ;  in  the  urine  of  animals,  especi^y  of  birds 
and  reptiles,  as  urate  of  ammonia ;  in  several  aluminous  and  fer- 
ruginous rocks  and  earths  in  small  quantity  ;  finally,  in  the  air,  as 
a  constant  result  of  the  putrefaction,  decay,  or  combustion  of 
organic  matters  containing  nitrogen. 

It  is  formed  abundantly  in  putrid  urine  (from  urea),  and  in  the 
destructive  distillation  of  organic  nitrogenized  matter,  as,  in 
Egypt,  by  heating  camel's  dung ;  in  £urope,  formerly,  by  distil- 
ling horn,  hence  the  name  spirit  of  hartshorn ;  at  present,  by  distil- 
ling any  animal  refuse  ;  or  in  the  distillation  of  coal  in  gas-works, 
which  yield  abundance  of  ammonia.  In  all  these  cases  it  is 
found  as  carbonate. 

To  obtain  ammonia,  powdered  sal  ammoniac  is  mixed  with 
about  an  equal  weight  of  dry  hydrate  of  lime  (slacked  lime),  and 
the  mixture  heated  in  a  retort,  or  a  flask  fitted  with  a  bent 
tube.  The  ammoniacal  gas  is  abundantly  disengaged, 
and  may  be  collected  over  mercury,  or,  as  it  is  much 
lighter  than  air,  by  displacement,  the  tube  being  made  to 
reach,  as  in  the  cut,  to  the  closed  end  of  the  gas-receiver, 
the  open  end  being  downward.  A  large  tube  or  vessel 
may  be  easily  filled  with  the  gas  in  this  way,  and  pre- 
served by  immersing  the  open  end,  when  filled,  in  a 
small  cup  of  mercury.  The  following  equation  represents 
the  change  in  its  production.  (N  Ha,  H  CI)  +  (Ca  O,  H 
0)  =  CaC14-2HO-M^H3. 

Ammonia  is  a  gas,  transparent  and  colorless,  of  a  very  pungent 
and  peculiar  smell  and  taste.  It  is  liquefied  by  •  pressure  of 
about  five  atmospheres.  It  is  instantly  absorbed  by  water,  form- 
ing the  solution  of  the  gas  called  aqua  or  liquor  ammoniee.  It 
extinguishes  a  candle,  does  not  bum  itself  under  ordinary  circum- 
stances, and  if  respired  undiluted,  is  fi&tal  to  animal  life.  Its  Sp. 
Q.  is  0*5902,  being  thus  little  more  than  one-half  as  heavy  as  air. 
It  possesses  strongly  alcaline  or  basic  properties,  neutralizing  the 
strongest  acids.  The  approach  of  any  gaseous  or  volatile  acid, 
such  as  carbonic,  hydrochloric,  or  nitric  adds,  to  the  mooth  of  a 
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jar  of  ammonia,  canses  the  formation  of  dense  irhite  clouds  of  . 
carbonate,  hjdrochlorat^,  or  nitrnte  of  ammonia.  By  this  prop- 
erty and  by  its  smell,  it  is  easily  detected  and  recogiiiEed. 

Ammonia  in  formed  bj  ihe  union  of  3  vol.  hydrogen  and  I  vol. 
Ditrogen,  which  yield  not  4  vol.  but  2  vol.  ammoniacal  gas.  Here 
condensation  to  one-half  has  taken  place. 

A«UA   AMHONUE,  OH  LIQUOR  AMMONIA 

This  most  useful  re-Hgent  is  best  prepared  by  causing  (he  gaa 
disengaged  from  the  above  mixture  of  sal  ammoniac  and  slacked 
lime  by  heat,  a  little  water  having  been  previously  added  to 
mrasten  the  powder,  to  pass  through  cold  water  in  an  apparatua, 
furnished  with  a  safety-lube,  to  prevent  undue  absorption,  the  gas 
being  washt^d  by  means  of  a  very  little  water  placed  in  an  inter- 
mediate botUe.  The  wnter,  if  kept  cold,  will  absorb  about  670 
limes  its  bulit  of  the  gas,  by  which  it  is  increased  in  bulk,  acquires 
a  Sp.  G.  of  only  0-879,  and  becomes  possessed  of  all  the  chemical 
properties  of  the  gas  in  a  very  high  degree.  This  is  the  ai^ua 
ammoniee  fortisslma  of  the  manufacturers,  and  for  medical  use  it 
requires  to  be  diluted  till  it  has  the  Sp.  Q.  of  096.  At  U'872,  it 
becomes  3S-5  per  cent,  of  dry  gas ;  at  0'96,  hardly  It)  per  cent 
Hence,  by  addmg  6  vol.  of  water  to  3  vol.  of  the  strongest  am- 
monia, we  reduce  it  to  the  ordinary  medical  strength,  wbicli  is  also 
sufficiently  strong  for  the  usual  chemical  purposes. 


This  solution  is  conatantly  employed  by  Uie  cbemist  for  neutral- 
izing acids,  and  precijntatmg  insoluble  bases.     It  baa  the  very 


great  advantage  of  not  introduoing  any  fixed  matter,  so  that 
tbe  re-agent  mav  be  totally  expelled  by  a  red-heat.  In  medicine 
it  is  much  employed,  internally,  as  a  diffusible   stimulant,  and 
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coanter-irritant.     If  it  can  be  procured  in  time,   it  is  the   best 
antidote  to  prussic  acid. 

With  acids,  ammonia  forms  salts,  which  are  recognized  br  their 
yielding  the  pungent  smell  of  ammonia  when  mixed  with  caastic 
potash  or  slacked  lime.  Thev  are  either  volatile  in  the  fire,  as 
carbonate,  sulphate,  &c. ;  or  they  are  decomposed,  the  ammonia 
being  driven  off  and  the  acid  remaining  behind  as  phosphate  of 
ammonia.  For  the  constitution  of  the  salts  of  ammonia,  see 
below. 

c.  Ammonium.     N  H4  =  18*19. 

This  compound,  like  amide,  is  not  known  in  the  separate  state ; 
but  we  have  reason  to  believe  that  it  exists,  and  has  the  chemical 
relations  of  a  metal :  hence  its  name. 

When  a  salt  of  ammonia  is  decomposed  by  gal vani# electricity, 
the  negative  pole  terminating  in  a  drop  of  mercury,  the  mercury 
swells  to  many  times  its  original  bulk,  becomes  almost  solid,  but 
retains  its  metallic  aspect  The  same  compound  is  formed  when 
an  amalgam  of  mercury  with  potassium  or  sodium  is  placed  in 
aqua  ammoniae,  or  in  contact  with  a  moistened  ammoniacal  salt 
It  is  crystalline,  and  has  been  regarded  as  an  amalgam  of  mercury 
and  ammonium.  When  removed  from  the  pole,  and  placed  in 
water,  it  gives  off  ammonia  and  hydrogen,  and  the  mercury  re- 
sumes its  original  bulk.  The  remarkable  circumstance  is,  that  the 
amalgam  contains  so  small  a  weight  of  ammonium  (or  of  ammo- 
nia +  hydrogen),  although  its  properties  are  so  different  from 
those  of  the  mercury.  But,  if  we  suppose  an  amalgam  to  be 
formed  of  10  eq.  of  mercury  and  1  eq.  ammonium,  wis  would 
contain  less  than  2  per  cent  of  the  latter.  There  is,  therefore, 
nothing  unreasonable  or  very  improbable,  in  the  idea  of  a  com- 
pound metal  ammonium,  N  H4.  Indeed,  if  we  assume  its  exist- 
ence, we  are  enabled  to  take  a  view  of  the  constitution  of  the 
salts  of  ammonia,  which  makes  them  analagous  to  those  of  the 
other  alcalies. 

It  was  formerly  the  universal  opinion  that  ammonia^  NHs, 
combined  directly  with  oxygen  acids,  such  as  sulphuric  acid, 
80 3,  as  well  as  with  hydrogen  acids,  such  as  hydrochloric  acid, 
H  CI. 

According  to  our  present  knowledge,  the  hydrocblorate  of  am- 
moniadoes  really  contain  the  elements  N  H3  +  H  CI,  although  we 
may  suppose  them  otherwise  arranged :  but  it  has  been  shown  that 
sulphuric  acid,  SOa,  although  it  can  be  made  to  unite  with  am- 
monia, does  not  produce  sulphate  of  ammonia ;  but  that  the  form- 
ation of  this  latter  salt  requires,  besides  the  elements  of  ammonia 
and  sulphuric  acid,  those  of  1  eq.  of  water,  H  O ;  and  that  the 
salts  of  ammonia,  with  the  oxygen  acids  in  seneral,  contain,  as  an 
essential  ingredient,  this  1  eq.  of  water.    It  is  not  easy  to  see  why 
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ammoDia  Bhould  form  oeutral  salts  withont  the  aid  of  water,  when 
acted  on  by  hydrogen  acids,  and  should  require  water  when  com- 
bining  with  oxygen  acids.  Bui  if  we  admit  that  ammonium  exists, 
and  is  the  true  basic  radical  in  all  these  salts,  the  whole  becomes 
clear.  In  that  case,  NHa  +  HO,  ammonia +  1  eq.  of  water, 
becomes  NH4,  0,  or  oxide  of  ammonium;  sulphate  of  ammonia 
4- water  (NHs,  HO-f-SOa)  becomes  dry  sulphate  of  oxide  of 
ammonium,  NHt  0,  SOa;  and  hydrochlorate  of  ammonia, 
KHs,  H  CI,  becomes  chloride  of  ammonium,  NH.,  CI.  It  has 
been  observed,  that  the  oxygen  acid  salts  of  ammonia -|- water 
are  isomorphous  with  the  dry  salts  of  potash.  Now,  on  the  old 
view,  we  can  trace  no  analogy  between  NHs,  HO,  SO),  and  EG, 
BOi;  but,  if  we  admit  tne  exbt«nce  of  the  metal  ammoniutn, 
and,  still  more,  if  we  represent  it  bv  the  symbol  Am,  the  analogy 
becomes  obvioi        ""  .  . 

Uetal 

Oxide    .  .   .  KO  .   .  .  AmO      .   .   .  NH<,0 
Chloride    .   .  KCl.  .   .  AmCI     .   .  .  NHi.Cl 
Sulphftte  .   .  KO,SOi     AmO.SOi     .  NHt,0  +  SO«. 
The  only  difierence  between  the  two  series  is,  that  we  know  Am 
to  be  a  compound,  while  K  is,  as  yet,  nndecomposed.     But,  as 
formerly  remarked,  all  our  present  elements  may  nereafler  prove 
to  be  compounds ;  and  even  were  this  not  so,  we  can  easily  con- 
ceive a  compound  metal  playing  the  same  part  as  a  simple  one. 

We  have  to  bear  in  mind  that  ammonium,  if  it  exists,  is  resolved 
into  ammonia  N  Hs  and  hydrogen,  whenever  we  attempt  to  isolate 
it:  that  ammonia,  in  combining  with  a  hydrated  oxygen  add,  such 
as  HO,  SO3,  takes  the  hydrogen  of  the  water,  forming  ammo- 
nium NHt,  which,  with  the  oxygen  of  the  water,  prodnces  oxide 
of  ammanium,  and  that  the  oxide  then  unites  with  the  acid  :  and, 
finally,  that  ammonia,  in  contact  with  a  hydrogen  acid,  such  as 
H  CI,  takes  the  hydrogen  of  the  acid  to  form  ammonium,  which 
then  unites  with  the  acid  radical  chlorine.  Indeed,  this  very  sim- 
ple view  may  be  extended  to  the  hydrated  oxygen  acids,  if  we 
view  them  as  hydrogen  acids.  Hydrated  sulphuric  acid,  HO, 
SOi,  may  be  viewed  as  a  hydrogen  acid,  H,  50*:  and  if  ammonia 
act  on  this,  we  have  either  Nth  -hHO,  SOi  =NH.,  O,  80.. 
or  HHj  +H.  SO,  =NH4,  SO*;  the  latter  being  perfectly 
analogous  to  Uie  formation  of  chloride  of  anunonium  (sal  ammo- 
niac), N  Hj  4"  H  CI  =  NH.,  01. 

The  above  is  a  sketch  of  the  ammonium  theory  of  Berzelius, 
which  is  beautdfiilly  consistent,  if  we  once  admit  the  existence  of 
ammonium :  rendered,  as  it  is,  so  probable  by  the  phenomena  of 
the  amalgam,  and  by  the  isomorphism  of  the  compounds  of  potash 
and  those  of  ammonia  -f-  I  eq.  water.  This  theory  is  pretty 
generally  adopted  by  chemists. 
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4.    Chlobihe.     CI  =  35*47. 

This  element  occurs  in  prodigious  quantity  in  the  well  known 
substance,  sea  or  rock  salt,  in  which  it  is  combined  with  sodium. 
It  is  also  occasionally  found  in  combination  with  lead,  silver,  and 
mercury.  Chloride  of  potassium  is  a  frequent  ingredient  of  ashes, 
especially  of  the  ashes  of  sea-plants. 

It  is  best  prepared  by  the  action  of  peroxide  of  manganese  on 
hydrochloric  acid.  1  part  of  finely-powdered  peroxide  is  covered 
in  a  roomy  flask  with  6  parts  of  moderately  strong  hydrochloric 
acid  (4  parts  of  concentrated  acid  and  2  of  water) ;  to  the  flask  is 

fitted  tightly  a  tube  bent  twice 
at  right  angles,  the  longer  limb 
of  which  is  conducted  to  the  bot- 
tom of  a  dry,  wide-mouthed  bot- 
tle, furnished  with  a  tight  glass 
stopper.  The  chlorine,  on  the 
application  of  a  gentle  warmth, 
escapes  in  the  form  of  gas,  and 
being  much  heavier  than  air,  is 
very  easily  collected  in  dry  ves- 
sels by  displacement.  As  soon 
as  the  bottle  is  filled,  which  is 
easily  seen  from  the  yellow  color 
of  the  gas,  it  is  withdrawn  and  replaced  by  another.  If  the  gas 
is  to  be  kept,  the  stopper  must  be  tightly  fitted  into  the  bottle, 
and  the  juncture  well  greased. 

The  following  equation  shows  the  change  :  Mn  Oa  +  2  H  CI 
=  Mn  CI  4"  2  HO  +  CI.  Here  one-half  of  the  chlorine  is  given 
off  as  gas,  while  the  other  remains  behind  as  chloride  of  manganese. 
Chlorine,  at  the  usual  temperature,  is  a  gas  which  b  liquefied 
by  a  pressure  of  about  four  atmospheres.  It  is  transparent  and 
01  a  strong  yellowish-green  color :  hence  its  name.  Its  Sp.  G.  b 
2*500.  Its  smell  is  very  disa^ecable,  pungent  and  suffocating; 
when  much  diluted,  it  recalls  the  smell  of  the  air  on  the  sea-shore. 
If  respired  pure,  it  causes  instant  death  ;  and  even  when  diluted 
with  air,  excites  cough,  pain,  and  a  sense  of  stricture  on  the  chest, 
often  lasting  for  many  hours,  and  only  relieved  by  a  very  copious 
expectoration  of  thick  mucus,  but  occasionally  followed  by  spitting 
of  blood.  The  irritation  thus  caused  may  often  giVte  rise  to  per- 
manent and  serious  disease  of  the  lungs,  and,  therefore,  care 
should  be  taken  not  to  breathe  the  gas  in  working  with  it.  It  is 
not  a  little  remarkable,  however,  that,  if  very  much  diluted, 
although  still  apt  to  excite  cough,  it  is  found  to  alleviate  the  symp- 
toms of  phthbis  when  inhaled,  probably  by  promoting  expectora- 
tion. The  patients  themselves  soon  learn  to  bear  it  stronger,  and 
to  long  for  the  hour  of  inhaling  it.  It  b  also  stated  that  the 
workers  in  manufactories  of  bleaching  powder,  and  in  bleacbinjg: 
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e  extent  charged 
with  ciilorine,  are  less  liable  to  phthisis' than  others  ;  so  Chat,  iip  lo 
a  certain  point,  the  s}'stetD  seems  capable  of  becoming  habituated 
to  it  with  benefit. 

Chlorine  supports  the  combustion  of  man;  substances,  such  as 
a  candle ;  man;  take  fire  sponlnneousl;  in  it,  as  phosphorus,  anti- 
mony, oil  of  turpentine,  ^c.  It  may  be  made  to  bum  itself  in  an 
atmosphere  of  hydrogen  gas,  or  coal  gas. 

Chlorine  gas  dissolves  in  water  :  hence  it  cannot  be  preserved 
over  that  liquid.  The  solution  is  termed  chlorine  water.  It  has 
the  smell  of  the  gas,  and  blenches  vegetable  colors  most  power- 
fully, which  perfectly  dry  chlorine  does  not.  It  also  destroys 
foetid  or  noxious  effluvia,  and  is  very  useful  in  checking  the  spread 
of  contagious  disease. 

The  amnities  of  chlorine  for  the  metals  sre  very  powerful,  fre- 
quently stronger  than  those  of  oxygen.  It  therefore  decomposes 
many  oxides,  as  well  as  bromides,  iodides,  sulphides,  &c.,  at  ordi- 
nary l«mperatares,  and  almost  all  the  rest  at  a  red-heat.  It  acts 
BO  strongly  ou  mercury  that  it  cannot  be  collected  over  that  metal. 
But  its  strongest  affinity  is  to  hydrogen,  with  which  it  forms  hydro- 
chloric acid.  It  is  to  this  powerful  affinity  that  the  bleaching 
Cropertiea  of  chlorine  are  lo  be  ascribed  ;  it  seizes  on  part  of  the 
ydrogen  of  the  coloring  matter,  and  thus  decomposes  it  entirely. 
The  same  remark  applies  to  the  destruction  of  effluvia  and 
ffliasDtata. 

The  presence  of  free  chlorine  is  detected  by  its  smell  and  its 
power  of  bleaching  solution  of  indigo.  Nitrate  of  silver  also  causes 
with  it  a  curdy  white  precipitate  of  chloride  of  silver,  insoluble  in 
acids.     {See  Hydrochloric  Acid.) 

The  compounds  of  chlorine,  which  are  not  acids,  are  called 
chlorides. 

eOLUTIOtt    OF    CHLORINE. 

This  solution  is  prepared  by  simply  passing  a  slow  current  of 
ehloriae  gas  through  water  (previously  boiled  and  allowed  to 
oool),  placed  in  inverted  retorts  nearly  full.  As  soon  as  water 
begins  to  escape  at  the  neck  of  one  retort,  the  tube  is  transferred 
to  another,  and  so  on  alternately  till  the  water  refuses  to  absorb 
any  more.  The  solution,  which  has  the  color,  smell,  and 
bleaching  properties  of  the  gas,  must  be  kept  in  small  bottles, 
quite  filled,  and  closely  fitted  with  glass  stoppers.  A  drachm  or 
more  of  this,  added  to  about  four  or  six  ounces  of  water  at  100°, 


forms  a  mixture  through  which  air  may  he  drawn  into  the  lungs 
when  we  wish  diluted  chlorine  to  be  inhaled.  The  solution  is 
decomposed  by  light,  and  ought,  therefore,  to  be  kept  in  the  dark. 
Chlorine  combines  both  with  oxygen  and  hydrogen ;  but  as  the 
compound  of  chlorine  with  hydrogen  is  the  most  important,  we 
shall  here  deviate  slightly  from  the  natural  order,  and  treat  of  it  first. 
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CHLORINB   AND   HTDROOKN. 

Hydrochloric  Acid.     H  CI  =  36*47. 

Stn.  Muriatic  Add — Is  formed  when  equal  volumes  of  chlorine 
and  hydrogen  are  mixed  and  exposed  to  light,  flame,  or  the  elec- 
tric spark,  all  of  which  cause  the  gases  to  combine  with  explosion. 
Is  best  prepared  by  the  action  of  sulphuric  acid  on  sea-salt,  when 
the  gas  is  disengaged  even  without  tne  action  of  heat  As  water 
instantly  absorbs  it,  it  must  be  collected  over  mercury,  or  by  dis- 
placement, as  it  is  somewhat  heavier  than  air. 

The  following  equation  shows  the  formation  of  the  acid  :  Na  CI 
+  (H0,  S03)  =  HCH-(NaO,  SO3);  or,  Na  CIH- H,  SO4 
=  HCl-f  Na,  SO4. 

Hydrochloric  acid  is  a  gas,  transparent  and  colorless,  fuming 
strongly  with  moist  air,  of  a  pungent,  acid,  suffocating  smell,  ana 
a  strong  sour  taste.  Its  Sp.  G.  is  the  mean  between  those  of 
chlorine  and  hydrogen,  or  1*284,  it  being  formed  of  equal  volumes 
of  these  gases  without  condensation.  It  is  absorbed  m  laive  pro- 
portion by  water,  forming  the  common  or  liquid  hydrochloric  acid, 
which  is  merely  a  solution  of  the  gas  in  water.  This  solution  red- 
dens, but  does  not  bleach,  vegetable  blue  colors ;  and  neutralizes 
the  alcalies,  yielding  neutral  salts,  which  are  found  to  be  chlorides. 

When  it  acts  on  soda,  Na  O,  for  example,  we  obtain  neutral 
crystals  by  evaporation  ;  but  these  are  found  to  be  sea-salt,  Na  CI, 
and  contain  neither  oxygen  nor  hydrogen,  so  that  these  latter  ele- 
ments must  have  united  to  form  water ;  thus :  Na  0  -{-  H  CI  =5  Na 
CI  -)-  H  0.  The  result  is,  in  regard  to  neutrality,  the  same  as  if  the 
acid  and  alcali  had  directly  combined  together  and  neutraUxed 
each  other :  for  the  chloride  of  sodium  (Na  CI)  and  water  are  both 
neutral.  The  general  formula  for  the  action  of  this  and  similar 
hydrogen  acids  on  metallic  oxides,  is  as  follows  :  H  R  -f-  M  O  = 
M  R  +  H  O.  Here  R  stands  for  chlorine,  or  anv  other  acid  radical 
and  M  for  any  metal.  If  the  oxide  be  a  sesquioxide,  the  formula 
will  be  8  H  R  +  Ma  O J  =  Ma  R3,+  3  H  0.  Here,  3  cq.  hydro- 
gen acid  and  1  eq.  sesquioxide  yield  1  eq.  sesquichloride  (bromide, 
iodide,  dec.)  and  3  eq.  water ;  but  the  principle  is  the  same.  In 
some  cases,  however,  hydrochloric  acid  appears  to  combine  with 
oxides ;  as  with  alumina  or  oxide  of  chromium. 

It  will  be  easily  seen,  from  what  has  just  been  said,  that  the 
action  of  hydrochloric  acid  on  oxides  affords  a  ready  and  conve- 
nient means  of  obtaining  the  corresponding  chlorides.  This  method 
is  very  often  employed. 

htdrochlobic  agio  and  water. 

Liquid,  or  Aqueous  Hydrochloric  Acid. 

Stn.  Liquid  Muriatic  Add :  Spirit  of  Salt.  —  This  most  indis- 
pensable re-agent  is  best  prepared  by  the  following  easy  process. 
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which  moreover  yields  it  perfectly  pure ;  6  parts,  by  weight,  of 
pure  salt  are  introduced  into  a  floslc  or  matrass,  and  covered  with 
10  parU,  by  weight,  of  oil  of  vitriol,  and  4  parts  of  water,  the  lat- 
ter naving  been  previously  mixed,  and  the  miiture  allowed  to  cool ; 
or  we  may  take  8'5  parts,  by  measure,  of  sulphuric  acid,  Sp.  G.  1-65. 
No  action  takes  place  in  the  cold,  so  that  we  may  adapt  securely  a 
bent  tube  to  convey  the  gas  to  the  flask.  This  tube  is  twice  bent 
at  right  angles,  and  has  a  bttib  blown  on  the  longer  descending 
limb.  In  a  bottle,  surrounded  with  ice-cold  water,  ia  placed  a 
quantity  of  distilled  water  equal  in  weighc  to  the  salt,  and  the  bent 
tube  ia  made  to  dip  about  |  inch  into  this  water.    A  gentle  heat  ia 


now  applied  to  the  flask,  which  rests  in  a  sand-pot,  and  continued 
as  long  as  any  hydrochloric  acid  comes  over.  Li  about  two  hours 
the  process  is  finished,  and  we  find  the  distilled  water  increased  in 
volume  nearly  two-thirds,  and  converted  into  hydrochloric  acid, 
quite  pure  and  colorless,  of  Sp.  O.  1'14  to  1'15.  If  we  wish  it  as 
strong  as  possible,  or  of  Sp.  O.  I'2),  we  have  only  to  employ,  in 
»  second  operation,  a  part  of  the  acid  above  described  in  the  place 
of  the  distilled  water,  during  the  first  half  of  the  operation,  when 
it  will  speedily  become  saturated.  No  safety-tube  is  required :  it 
is  only  necessary  to  lower  the  bottle  a  little  occasionally,  so  that 
the  tube  shall  never  dip  far  into  the  liquid  ;  and  even  should  ab- 
sorption take  jilace  too  rapidly,  and  the  water  rise  in  the  tobe,  the 
bulb  will  receive  it,  the  end  of  the  tube  wilt  be  exposed,  and  air 
entering  will  prevent  the  regurgitation  of  the  water  into  the  flask. 
This  simple  tube,  therefore,  forms  a  self-acting  valve,  and  renders 
a  safety-tube  unnecessary.  The  absorbing  liquid  roust  be  kept  as 
cold  as  possible,  by  frequently  changing  the  surrounding  water, 
whieh  becomes  warm  owing  to  the  heat  developed  in  the  absorp- 
tion. If  ic«  can  be  had,  a  little  added  to  the  cooling -vessel,  from 
time  to  time,  keeps  the  temperature  sufficiently  low. 
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In  the  above  operation,  the  proportions  of  acid  and  salt  are 
according  to  the  formula, 

NaCl  +  2  (H  O,  S  Oj)  =  (NaO,  H  O,  2  S  03)  +  H  CI. 

Here,  2  eq.  of  acid  are  employed  for  one  of  salt ;  for  two  rea- 
sons. First,  a  much  lower  heat  is  required ;  and  secondly,  the 
resulting  salt,  bisulphate  of  soda,  is  quite  easily  got  out,  without 
risking  the  flask,  which  is  not  the  case  when  1  eq.  of  acid  is  used, 
and  neutral  sulphate  is  left.  The  acid  is  diluted  to  Sp.  G.  1-65,  or 
even  1-60,  for  the  same  reasons.  Tli£  addition  of  the  water  facili- 
tates the  operation,  and  renders  the  resulting  mass  more  soluble 
and  mana^able.  It  is  to  be  observed  that,  notwithstanding  this 
addition  of  water,  |  of  the  hydrochloric  acid  gas  comes  off  quite 
dry,  and  it  is  only  toward  the  end  of  the  operation  that,  the  heat 
being  increased,  water  and  acid  come  off  together.  This  is  easily 
known  by  the  tube  becoming  hot  from  the  condensation  of  the 
steam.  From  first  to  last,  not  a  trace  of  sulphuric  acid  passes 
over,  even  into  the  tube ;  and  thus  by  usmg  tolerably  pure 
materials,  we  obtain  colorless  and  pure  hydrochloric  acid,  as 
easily  and  cheaply  as  if  we  were  making  the  very  impure  acid  of 
commerce.  By  the  above  process,  the  purest  and  strongest  hydro- 
chloric acid  might  be  sold  for  not  more  than  3d.  per  lb.,  probably 
for  less. 

Pure  aqueous  hydrochloric  acid  has,  when  concentrated,  a  Sp. 
G.  of  1*21,  and  fumes  strongly  when  exposed  to  the  air,  the  gas 
constantly  escaping  and  uniting  with  the  vapor  which  it  meets. 
The  acid  even  fumes  when  no  denser  than  1*13,  and  acid  of  from 
l*14tol*16is  most  convenient  for  common  use,  as  there  is  not  so 
much  gas  lost  from  it  as  from  the  strongest.  It  ought  to  be  quite 
colorless  :  if  yellow,  it  contains  perchlonde  of  iron  or  free  chlorine, 
probably  both.  The  liquid  is  very  acid  and  corrosive.  When  a 
rod  dipped  in  aqua  aYnmonia  is  brought  near,  very  thick  white 
fumes  of  sal  ammoniac  are  formed.  If  heated,  gas  is  expelled, 
the  boiling  point,  which  is  at  first  very  low,  gradually  rising,  till 
the  8p.  G.  falls  to  1100,  when  the  boiling  point  is  rather  higher 
than  that  of  water ;  and  at  this  strength  the  acid  distils  over 
unchanged.  A  weaker  acid,  if  boiled,  loses  water,  and  becomes 
stronger ;  while  a  stronger,  as  we  have  seen,  loses  gas,  and  be- 
comes weaker.  We  can,  therefore,  purify  the  common  acid  by 
diluting  it  to  Sp.  G.  MOO,  and  distilling  it,  rejecting  the  first  and 
last  portions.  The  intermediate  portion  is  pure,  but  cannot  in  this 
way  be  obtained  concentrated. 

The  presence  of  hydrochloric  acid  is  detected  by  nitrate  of  silver, 
which  forms,  even  in  very  diluted  solutions,  a  white  curdy  precipi- 
tate of  chloride  of  silver,  insoluble  in  acids.  It  is  to  be  borne  in 
mind,  however,  that  the  presence  of  free  chlorine  and  soluble 
chlorides  give  rise  to  the  same  compound :  we  must,  therefore. 
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ascertam  their  nbsence,  and  the  presence  of  an  acid,  berore  we  can 
rely  on  thia  t«Bl. 

The  muriatic  acid  of  comnierce  is  verv  impure.  It  contains  6zed 
impurities,  delected  bj  evaporation  to  dryness ;  sulphuric  acid,  de- 
lected by  adding  to  the  liquid,  first  distilled  water,  and  then  a  salt 
of  barium ;  chloride  of  iron,  detected  by  ferrocyanide  of  potassium  ; 
free  chlorine,  recognized  by  its  power  of  dissolving  gold  ;  and  sul- 
phoroua  acid,  easily  known  by  its  smell.  It  often  also  contains  tin 
and  arsenic,  which  may  be  discovered  by  the  proper  tests  of  those 
metals.  As  no  re-a^nt  is  so  much  employed  by  the  chemist, 
and  none  so  necessary  to  have  perfectly  pure,  the  chemist  ought 
never,  in  careful  experiments,  to  use  the  coibmou  acid  :  and  it  is 
on  this  account  that  I  have  so  minutely  described  the  method 
which  I  have  given  for  obtaining  it  pure,  and  which  is  now  gener- 
ally adopted  in  the  Conlisental  laboratories. 

Hydrochloric  acid  b  much  used  in  chemical  investigations, 
chiefiy  for  dissolving  inorganic  bases,  with  moat  of  which  it  forms 
soluble  chlorides  :  the  exceptions  are  oxide  of  silver  and  protoxide 
of  mercury,  the  chlorides  corresponding  to  which  are  insoluble ; 
and  protoxide  of  lead,  which  yields  a  sparingly  soluble  chloride. 
In  all  inorganic  researches,  and  above  all,  in  the  analysis  of  min- 
erals, soils,  dec,  it  is  absolutely  indispensable. 

Hydrochloric  acid  may  be  viewed  as  the  type  of  all  acids, 
including  the  so-called  bydrated  oxygen  acids.  We  shall  have 
occasion  to  return  to  this  subject  when  treating  of  the  acids  of 
sulphur,  and  also  in  the  general  remarks  on  salts. 

mTRO-MITRlATIO,    OR    NITRO-HYDHOCHLOBIC    ACID. 

Sth.  Aqua  Rtgia.  —  This,  which  was  formerly  viewed  as  a 
distinct  acid,  and  celebrated  for  its  power  of  dissolving  gold,  is  in 
reality  a  mixture.  It  b  made  by  adding  nitric  acid  to  twice  or 
thrice  its  bulk  of  strong  hydrochloric  acid.  Both  acids  are 
decomposed,  according  to  the  equation  : 

HCl-fNO.=HO  +  ClH-NO«. 

Here  the  products  are  water,  chlorine,  and  nitrous  acid.  It  is 
also  possible  that  the  change  may  be  as  follows : 

aHCI-l-NO.  =aHO  +  CI«-f  NOi, 
where  the  products  are  water,  chlorine,  and  byponilrous  acid, 
While  neither  nitric,  nor  hydrochloric  acid,  if  pure,  can  dissolve 
gold  or  platinum  separately,  this  mixture  does  so  readily.  It  is 
certain,  tnat  free  chlorine  can  dissolve  those  metals,  and  Uiat  their 
solution  in  aqua  regia  yields  chlorides  on  evaporadon  ;  but  there 
b  reason  also  to  ^lieve,  that  the  nitrous,  or  hyponitrous  acids. 
contribute  powerfully  to  the  solvent  power  of  the  aqua  regia,  pos- 
sibly by  yieUing  oxygen  to  the  metals,  as  these  acida  are  mor« 
easily  decomposed  than  nitric  acid. 
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OBIABINK  AND  OXTOKM. 


Tbe  affinity  of  chlorine  for  oxygen  iB  very  feeble,  and  these 
elements  cannot  be  made  to  combine  directly.  By  indirect  means, 
however,  they  may  be  made  to  unite,  and  four  componnds  are 
known,  all  of  which  are  adds. 

a.  Hypochloroua  Acid.     CtO  =  43-4S3. 

Stm.  Aeidt  HypochloTettx.  UnUreUcrige  Sa&re. — When  chlor- 
ine gas  is  passed  through  a  cold  diluted  solution  of  an  alcali, 
compounds  are  formed,  wnich  are  known  aa  bleaching  compounds, 
and  liaTe  been  considered  to  consist  of  chlorine  and  metallic  ox- 
ides, such  as  the  so-called  chlorides  of  lime  and  soda.  They  are 
bowBTer,  in  reality  mixtures  of  chloride  of  the  metal  with  hypo- 
chlorite of  tbe  oxide.  Thus  2  eq.  soda  and  2  eq.  chlorine,  instead 
of  combining  together,  act  an  each  other  as  follows : — ■ 

3NbO-1-CU=N«C1  +  NbO,CIO. 

The  tme  bleaebing  compound  of  soda  contains,  therefore,  1  eq. 
of  chloride  of  sodium  -t-  1  eq.  hypochlorite  of  soda. 

To  obtun  hypocblorous  acid  m  the  free  state,  red  oxide  of 
mercnry  and  water  are  agitated  with  chlorine ;  when  there 
are  formed  a  compound  of  perchloride  and  peroxide  of  mercury, 
which  is  insoluble,  and  hypocblorous  acid,  which  dissolves  in  the 
water. 

3  Hg  Ot  +  C14  =  (Hg  Oj  -t-  Hg  Cl>)+a  CI  O. 

By  rectification,  a  stronger  solntion  may  be  obtained ;  and  if 
tbb  be  placed  in  a  retort  with  an  excess  of  dry  nitrate  of  lime, 
this  salt  seiEes  on  the  water,  and  the  hypocblorous  acid  jjas  sepa- 
rales,  and  may  be  collected  OTer  a  saturated  solution  of  mtnUe  of 
lime. 

It  Is  a  gas  of  a  strong  vellow  color,  and  a  pecoUar  penetntiiig 
smell.  It  is  very  easily  decomposed  into  two  vol.  cbuMine,  and 
1  to),  oxygen,  exploding  by  the  mere  contact  of  many  combusti- 
ble substances,  or  by  a  gende  heat.  Experiments  with  it  require 
tbe  greatest  caution. 

Water  Bbsorbe  about  100  times  its  volume  of  this  g^,  and 
acquires  a  pale  yellow  color,  and  the  astringent,  not  acid,  taste 
and  peculiar  smell  of  the  ms.  It  bleaches  powerfultj,  and  is 
easily  decomposed  by  all  substances  which  have  a  strong  affinity 
for  cJilorine  or  for  oxygen. 

With  the  stronger  bases  it  unites,  forming  salts  which  are  called 
hypochlorites,  the  ^neral  formula  of  which  is  U  0,  CI  0.  With 
acids,  these  salts  yield  hypochlorotia  acid,  not  chlorine  ;  and  they 
are  thus  distinffuisbed  from  tbe  true  bleaching  sails,  which,  wh^ 
acted  on  by  acids,  yield  pure  chlorine.     The  bleaclUog  soils  have 
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the  general  formula  M  CI  +  U  0,  CI  0  ;  that  is,  as  already  stated, 
the^  are  mixtures  or  compounds  of  clilorides  and  hypochlorites. 

The  action  of  sulphuric  acid  on  them  is  as  follows  : 

(M  Cl  +  MO,  CI  0}+3  SOs  =  3  (MO,  SOs)  +  Cli. 

Here  all  the  chlorine,  both  that  of  the  chloride,  and  that  of  th« 
hypochlorite,  is  given  off  in  the  free  Btnte.  Hence,  as  chlorine  h 
the  real  bleaching  agent,  the  great  bleaching  power  of  the  clilor- 
ides of  lime  and  soda,  as  they  are  called.  The  action  of  dilute 
sulphuric  acid  on  bleaching  powder  (chloride  of  lime  or  Ca  CI  + 
CaO,  CI  0),  furnishes  n  very  easy  and  economical  method  of  dis- 
engaging rapidly  a  large  quantity  of  chlorine  gas,  as  in  fumigating 
a  large  room  or  house  ;  do  heat  is  required  ;  we  have  only  from 
time  (o  time  to  add  a  table  spoonful  of  bleaching  powder  to  a 
basin  of  diluted  acid. 

When  boiled,  the  hypochlorites  as  well  as  the  bleaching  com- 
pounds, which  consist  of  hypochlorite  -|~  chloride,  are  resolved 
lata  chlorides  and  chlorates.  Thus  3  cq.  hypochlorite  of  potash 
3  {KO,  CI  0,)  yield  1  eq.  chlorate  of  potash,  KO,  CI  Oi,  and  2 
cq.  chloride  of  potassium,  2  K  CI.  Of  course,  if,  as  in  the  bleach- 
ing compound  of  potash,  the  3  eq.  of  hypochlorite  were  mixed 
with  3  eq.  of  chlonde,  the  result  would  be  I  eq.  of  chlorate,  and 
5  cq.  of  chloride. 

b.  ChloniuB  Acid.    CI Oi  =  67533. 

Sys.  Peroxide  1^  Chlorine.'  Chloriffe  SaUre.  Aetde  Bypoehior- 
igue.  —  This  acid  is  obtained  by  mixing  oil  of  vitriol  very  gradu- 
ally and  cautiously  with  chlorate  of  potash,  and  applying  to  the 
yellow  pasty  mass  thus  formed,  in  a  retort  placed  in  a  oath  of 
proof  spirit,  a  very  gentle  heat.  Chlorous  acid  is  given  off  as 
a  deep  yellow  gas,  which  is  even  more  easily  decomposed,  and 
more  explosive  than  the  preceding  acid.  Hence,  very  great  cau- 
tion, ana  the  use  of  a  glass  mask,  are  necessary  in  experimenting 
vith  it.  It  may  be  collected  over  mercury.  Its  smell  is  peculiar, 
almost  aromatic.  It  is  absorbed  by  water,  which  acqiures  its 
odor  and  its  bleaching  properties. 

The  following  equation  explains  its  formation  : 

3  (KO,  CI  00+(a  SO.)  =  KO,  CI  O.  +3  (KO,  B0.)+3  C!  0*. 

That  is,  3  eq.  chlorate  of  potash,  and  2  eq.  sulphuric  acid,  yield 
]  eq.  perchlorate  of  potash,  S  eq.  sulphate  of  potash,  and  2  eq. 
chlorous  acid. 

The  compounds  of  chlorous  acids  with  bases  are  not  much 
known.  In  contact  with  alcalies,  chlorous  acid  appears  to  be  re- 
solved into  chloric  and  hypochlorous  acids.  Thus,  4  CI  Ot  =<  3 
CI  0.  +  CI  O. 
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c.  Chloric  Acid.     0  05=75535. 

Stn.  Hyperoxymuriatic  Acid,  —  This  acid  is  formed,  as  we  have 
seen,  in  combination  with  a  base,  under  different  circumstances ; 
as,  when  the  solution  of  a  hypochlorite  is  boiled ;  when  chlorine 
is  passed  through  a  hot  and  strong  solution  of  an  alcali ;  and 
when  chlorous  acid  is  brought  in  contact  with  bases.  It  is  eri- 
dent  that  in  the  second  case  a  hypochlorite  is  formed,  but  is  by 
the  heat  as  rapidly  destroyed,  yielding  a  chlorite  (see  chlorate  of 
potash)  ;  and  if  we  suppose  6  eq.  of  potash  to  be  acted  on  by  6 
eq.  chlorine,  we  may  suppose  the  first  stage  to  be  represented  as 
follows : 

6KO+Cl6  =  3KCl  +  3(KO,CiO). 

And  in  the  second  stage,  the  3  K  CI  remaining  unchanged,  we 
have, 

3  (KO,  CI  0)  =  2  K  CIt  +(K0,  CI  Ob). 

Or,  omitting  the  first  stage,  as  temporary  only  in  the  heat,  we 

have 

6  K  O  4-  Cl6  =  5  K  C1  +  (K  O,  CI  Os). 

To  obtain  chloric  acid,  chlorate  of  baryta  is  dissolved  in  water, 
and  sulphuric  acid  is  added,  so  as  exactly  to  precipitate  all  the 
baryta  as  sulphate.  The  clear  solution  is  concentrated  by  spon- 
taneous evaporation.. 

When  very  strong,  it  forms  a  yellowish  oily-looking  liquid,  very 
sour  to  the  taste.  A  piece  of  paper  dipped  in  it,  soon  takes 
fire,  from  the  ease  with  which  the  acid  yields  its  oxygen.  It 
is  resolved  by  distillation  into  hy perchloric  acid,  oxygen,  and 
chlorine. 

2C10j  =  C107  +  C1  +  Os. 

The  salts  of  this  acid,  which  are  called  chlorates,  are  quite 
permanent,  but  readily  explode  with  combustible  matter  at  a  red- 
neat  ;  or,  in  some  cases,  by  friction  and  percussion  alone,  or  by 
contact  of  oil  of  vitriol.  Thus  phosphorus  and  charcoal  explode 
most  violently  in  contact  with  chlorate  of  potash  —  the  latter  by 
friction,  the  former  by  percussion :  and  a  kind  of  instantaneous 
light,  formerly  much  used,  consbted  of  a  mixture  of  chlorate  of 
potash,  sugar,  and  a  little  gum,  to  make  it  adhere,  placed  on  the 
end  of  a  match,  and  dipped  into  oil  of  vitriol,  when  it  took  fire. 
The  lucifers  now  used  are  also  made  with  the  same  salt,  and  take 
fire  by  friction.     (See  chlorate  of  potash.) 

d.  Perchloric  Acid.     Cl  Ot  =  91-561. 

Btn.  Byperchl(mc  Acid,  —  This  add  may  be  obtamed  either  by 
the  disUllation  of  chloric  acid  f  see  above),  or  by  the  distillation 
of  hyperchlorate  of  potash  witn  an  equal  weight  of  oil  of  vitriol. 
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previously  mixed  with  half  as  mucli  water.  It  is  purified  from 
sulphuric  acid  by  means  of  bnrytn,  from  cblurinc  by  oxide  of 
silver  ;  and  is  tlien  concentrated  by  slow  evaporation. 

It  resembles  the  preceding  iiuid,  and  when  very  concentrated, 
has  a  Sp.  G.  of  I'GS.  It  reddens  litmus  without  bleaching  it, 
boils  at  412°,  and  may  be  distilled  without  change.  It  is  very 
permanent,  and  has  strong  affinities.  Its  best  known  salt  is  the 
perchlorate  of  potash,  which  is  so  sparingly  soluble,  that  tlie  acid 
may  be  used  as  a  t«st  for  potash,  in  all  liquids  not  too  diluted. 
As  the  perchlorate  of  soda  is  very  soluble,  the  use  of  this  acid 
enables  us  to  distinguish,  and  to  separate  soda  from  potash. 

The  perchlorate  of  potash  is  easily  formed  by  melting  chlorate 
of  potash,  and  heating  it  till  the  mass  becomes  thick  and  pasty, 
which  takes  place  when  J  of  the  oiygen  is  eipelted.  The  residue 
b  a  mixture  of  chloride  of  potassium  and  perchlorate  of  potash, 
and  ibe  latter  is  easily  purified  by  dissolving  (he  whole  in  hot 
water,  and  allowing  it  to  crystallize  on  cooling.  The  acEion  of 
heat  on  chlorate  of  potash  is  thus  expressed ; 

3  (KO,  CI  Oi  =  K  CI 4- (KO,  CI  00  +  O.. 

It  must  here  be  observed,  that  our  knowledge  of  the  compounds 
of  chlorine  and  oxygen  is  far  from  being  complete  or  satisfactory, 
and  that  Gay-Lussac  and  Millon,  since  the  discovery  by  Balard  of 
hypocblorous  acid,  have  devoted  attention  to  the  subject.  Millon, 
indeed,  has  published  an  elaborate  memoir,  in  which  be  describes, 
under  the  name  of  chlorous  acid,  a  compound  CI  Oi,  while  be  gives 
to  the  chlorous  acid  above  described  the  name  of  hypochlorio 
acid.  The  compound  discovered  by  Davy,  by  acting  on  chlorate 
of  potash  with  hydrochloric  acid,  and  by  him  called  euchlorine,  by 
others  protoxide  of  chlorine,  and  supposed  by  some  to  be  a  mix- 
ture of  chlorine  and  chlorous  acid  (CIO4),  by  others  to  be  iden- 
tical  with  chlorous  acid,  is,  according  to  Millon,  composed  of  Cli 
Oi»=  ZCIOj  +  CiOj.  He  calls  it  chlorochloric  acid,  and  views 
it  as  composed  of  chlorous  acid  (ClOj)  and  perchloric  acid.  In 
like  manner,  Millon  has  described  another  acid,  obtained  by  the 
action  of  light  on  his  chlorous  acid  in  contact  with  cold  water,  and 
which  he  calls  chloroperchloric  acid.  It  ia  composed  of  CU  On 
=  CI  Oj  +  2  CI  Oi,  and  differs  from  the  last  in  the  proportion  ot 
chlorous  and  perchloric  acids  it  contains. 

Almost  all  of  these  compounds  have  properties  eo  similar,  that 
they  are  with  difficulty  distinguished  from  each  other.  Thus  there 
are  not  less  than  five  compounds,  according  to  Millon,  namely,  CI  0, 
ClOi,  CIO4,  CI9,  Oi>,  and  Ch  Oit,  which  are  volatile  liqutda. 
yielding  deep  yellow  highly  explouve  vapors.  He  distinguishea 
CIO  and  CIO3  from  the  others,  as  forming  permanent  salts  with 
bases ;  the  other  three  yield,  with  bases,  a  mixture  of  chlorate 
with  chlorite  (the  acid  in  the  ktUer  being  UiUon's  chlorous  acid. 
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CIO 3),   and   the   proportion  of  these  salts  is  different  in  each 
case. 

We  have  not  space  to  enter  more  minutelv  into  this  Tcry  diffi- 
cult bat  interesting  subject  The  researches  of  Millon  are  hardiv 
completed,  and  require  confirmation.  In  the  meantime,  flie  fol- 
lowing table  contains  the  compounds  admitted  bj  him,  with  his 
view  of  their  true  constitution : 

Hypochlorous  acid  ...  CI    O 

Chlorous  acid CI    Os 

Hypochloric  acid      ...  CI    O4  =   CU  Oi«=3Cl  Os+Cl  Ot 

Chloric  acid      CI    O5  =    Cl«Oio=   CI  Os+Cl  Ot 

Chlorochloric  acid    .    .    .  Cls  On  =2  CI   Os  +   CI  Or 

Chloroperchloric  acid  .   .  Cls  On  =    CI    Os  +2C10t 

Perchloric  acid     ....  CI    0?  = 

It  will  easily  be  seen  that  Millon  admits,  as  independent  com- 
pounds, only  CI  O,  CI  O3,  and  CI  O? ;  and  that  he  considers  all  the 
others  as  compounds  of  CI  O3  with  CI  O7,  in  various  proportions. 
This  readily  explains  the  formation  of  perchlorate  of  potash  from 
chlorate:  for,  on  this  view,  chlorate  of  potash  is  KO,  CIO7  + 
KO,  CI  O3;  and  when  heated,  it  is  the  latter  (the  chlorite)  alone 
which  is  at  first  decomposed  into  chloride  of  potassium  and  oxygen. 
On  this  view,  also,  we  see  why  all  the  three  compounds,  CI  O4, 
CI3  Ots,  and  CI 3  On,  have  properties  so  similar,  and  why  they 
all  yield,  with  potash,  mixtures  of  chlorate  and  chlorite.  For  the 
details  of  the  preparation  and  properties  of  these  compounds,  I 
must  refer  to  the  memoir  of  Millon,  which  is  in  the  Annates  de 
Chimieetde  Physique,  1843,  also  in  Liebig's  Annalen,  xlvi.,  281. 
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Perchloride  of  Nitrogen.     N  CU  =  15607. 

Syn.  Quadrichloride  of  Nitrogen.  —  This  compound  is  obtained 
by  allowing  chlorine  gas  to  come  in  contact  widi  a  solution  of  sal 
ammoniac  at  90^  or  100^.  The  gas  is  slowly  absorbed,  and  an 
oilv  liquid  appears  in  large  drops  on  the  surface  of  the  liquid.  By 
agitating  the  vessel,  these  fall  down,  being  heavier  than  the  solu- 
tion, and  should  be  received  in  a  thick  cup  of  lead,  kept  very  clean. 

The  chloride  of  nitrogen  is  a  yellowish  oily  liquid,  distinguished 
for  its  tendency  to  e.xplode  by  the  mere  contact  of  combustible 
matter,  such  as  fiit,  oil,  i^Mfiential  oils,  phosphorus,  &c.  dtc.  The 
explosion  is  so  violent,  that  even  one  drop  of  the  liquid  infallibly 
shatters  to  pieces  anv  basin  or  bottle  in  which  it  explodes  ;  and  as 
it  explodes  often  witnout  any  obvious  cause,  possibly  from  the  con- 
tact of  some  minute  portion  of  greasy  matter,  it  is  most  dangerous 
to  experiment  on.  A  strong  mask  should  be  worn,  and  all  the 
yesselB  employed  should  be  scrupulously  clean  if  it  is  necessary  to 
make  such  experiments  ;  it  is  better,  however,  not  to  attempt  them. 
Both  Dulong,  the  difcoverer,  and  Davy,  suflfered  very  severely  from 
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tlidr  researches  on  it.  Eacli  lost  an  eye,  and  the  former  lost  seT- 
flitl  fingers  also.  For  tlie  sske  of  illustralion,  a.  drop  or  two  may 
be  exploded  in  the  lead  cup  above  mentioned,  by  simply  touching 
them  with  «  rod  dipped  in  oil.  The  resull^  of  the  explosion  are 
chlorine  and  nitrogen  gases.  It  is  generally  admitted  that  the 
formula  of  the  compound  is  CU  N,  and  its  formation  may  be  thus 
explained  — NHj.  HC!+C1i  =4HC1  +  NCI.. 

S.  BaoMiBE.    Br  =  78-39, 

This  element  is  found  in  minute  proportion  in  sea-water,  in  some- 
what larger  quantity  in  the  water  of  the  Dead  Sea,  in  the  bittern 
or  mother  liquor  of  Bea-wat«r,  out  of  which  the  sea-salt  has  been 
cnrstallixed,  and  in  the  mother  liquid  of  many  salt  springs,  from 
.  which,  in  like  manner,  the  sea-salt  has  been  separated.  The 
mother  liquor  of  the  Bait  springs  at  Kreuznach  is  particularly  rich 
in  bromine.  In  all  these  cases,  the  bromine  occurs  as  bromide  of 
potassium,  sodium,  or  magnesium. 

To  obtain  it.  the  liquor,  concentrated  as  much  as  possible,  is 
exposed  to  a  current  of  chlorine  gas,  which  is  continued  as  long 
as  the  hquor  becomes  darker  in  color  from  the  bromine  which  is 
•et  free.  The  orange  liquid  thus  obtained  is  to  be  agitated  with 
ether,  which  rises  to  the  surface,  carrying  with  it  all  uie  bromine 
dissolved,  which  gives  to  the  ether  a  nyacinth-red  color.  The 
■olntion  of  bromine  in  ether  is  then  acted  on  by  a  slight  excess  of 
potash,  which  produces  a  mixture  of  bromate  of  potash  and  bro- 
mide of  potassium :  6KO-f6Br  =  5KBr  +  (KO.BrOj).  The 
whole  is  dried  up  and  ignited,  when  all  the  oxygen  of  the  bromate 
is  expelled,  and  only  K  Br  is  left.  This  bromide  is  mixed  with 
rather  more  than  half  its  weight  of  peroxide  of  manganese,  and 
then  distilled  along  with  its  own  weight  of  oil  of  vitriol  (previously 
mixed  with  half  its  weight  of  water);  the  red  vapors  of  bromine 
are  given  off  and  condensed  in  a  tube  or  receiver  very  well  cooled. 
By  rectification  with  a  little  chloride  of  calcium,  the  bromide  is 
obtained  dry  and  pure.  The  following  is  the  action  of  the  sul- 
phuric acid  on  the  bromi(te  of  potassium  and  peroxide  of  manga- 
nese:—K  Br  +  Mn  0^+ 2  SO.  =  K  0,  8  Oj+Mn  0,  SOj+Br. 

Bromine  is,  at  ordinary  temperatures,  a  deep  brownish-red 
liquid,  boiling  at  113°;  its  Sp.  G.  is  299.  Its  vapor  resembles 
that  of  nitrous  acid,  but  has  a  very  peculiar  disagreeable  pungent 
nnell.  It  is  poisonous,  and  acta  so  strongly  on  the  living  mem- 
brane of  the  nose,  that  the  mere  smelling  to  a  bottle  of  bromine 
is  often  followed  by  a  painful  sensation  in  ^e  nostril,  attended  with 
a  copious  flow  of  tears,  lasting  for  hours,  or  even  for  days. 

In  all  its  relations,  bromino  is  closely  analogous  to  chlorine.  It 
supports  the  combustion  of  phosphorus,  and  of  many  metals,  like 
chlorine,  and  it  bleaches  organic  colors.  With  hydrogen  it  forms 
hydrobromic  acid,  exactly  analogous  to  hydrochloric  acid;  with 
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oxygen  it  forms  as  yet  only  one  acid,  Br  O5,  analogous  to  chloric 
acid.  The  analogy  is  equally  striking  when  we  compare  the 
metallic  bromides  with  the  corresponding  chlcnides.  Having  so 
minutely  described  the  relations  of  chlorine,  this  analogy  will 
enable  us  to  describe  those  of  bromine  very  briefly.  The  aSlnities 
of  bromine  are  less  powerful  than  those  of  chlorine,  so  that  the 
latter  element  disengages  bromine  from  its  compounds. 

BROMINE   AND    HrDROOEN. 

Hydrobromic  Acid.    H  Br  =  79*39. 

To  obtain  this  acid,  phosphorus,  bromine,  and  a  little  water  are 
placed  in  contact,  and  the  gas  which  is  disengaged  is  collected  over 
mercury.     The  change  is  the  following : 

Pt  +  Brs  +  3  H  O  =  Pf  O*  +  3  H  Br. 

Here,  along  with  hydrobromic  acid,  phosphorous  acid  is  pro- 
duced. 

Hydrobromic  acid  is  a  gas,  transparent  and  colorless^  fuming 
atrongly  when  mixed  with  the  air.  Its  Sp.  G.  is  2*73.  It  is,  in 
smell,  taste,  absorbability  by  water,  and  indeed  all  its  properties, 
hardly  distinguishable  from  hydrochloric  acid ;  but  cnlorine 
decomposes  it,  setting  free  bromine.  The  strongest  solution  of  the 
acid  is  a  fuming  liquid  of  Sp.  G.  1*29. 

With  metallic  oxides  it  forms  water  and  bromides,  exactly  as 
was  explained  under  hydrochloric  acid. 

MO  +  HBr  =  HO  +  MBr. 

The  bromides  of  lead,  mercury,  and  silver,  like  the  correspond- 
ing chlorides,  are  insoluble  :  the  other  bromides  are  soluble. 

BROMINE   AND   OXTGEN. 

Bromic  Acid.     Br  0«  =  1 18-445. 

It  has  been  already  mentioned  that  bromic  acid  is  formed  in 
combination  with  potash,  when  bromine  is  acted  on  by  that  alcali. 
The  bromate  of  potash  is  quite  analogous  to  the  chlorate;  and 
bromic  acid  may  be  obtained  in  the  same  way  as  chloric  acid,  by 
the  action  of  fluosilicic  acid  on  the  bromate  of  potash,  or  of  sul- 
phuric acid  on  bromate  of  baryta.  Its  properties  are  quite  analo- 
gous to  those  of  chloric  acid. 

There  is  some  reason  to  think  that  bromine  forms  bleaching 
compounds,  which,  like  those  of  chlorine,  contain  peculiar  acids, 
bromous  or  hypobromous  acids ;  and  it  is  also  probable  that  there 
exists  a  perbromic  acid,  analogous  to  perchloric  acid.  Our  knowl- 
edge of  these  compounds,  however,  is  very  limited. 

No  compound  of  bromine  and  nitrogen  is  yet  known.  With 
chlorine,  bromine  forms  a  reddish-yellow,  volatile,  pungent  liquid, 
which  is  said  to  be  Br  CI 5,  a  percUoride  of  bromine.    When  (his 
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rabatance  is  acted  on  by  potash,  it  jrieldt  chloride  of  potauinm 
■ad  bromate  of  potash. 

BfCl*+6KO  =  6KCl+{KO,Bi-0/). 

6.  loDiFE.     l  =  ia6B7. 

Iodine  occurs  in  marine  vegetables,  nnd  is  found  rather  more 
abundant];  in  their  ashes,  as  iodide  of  potassium,  sodium,  or  magne- 
oiuiD.  It  la,  of  couree,  present  in  ses-waCer,  but  in  so  small  a  pro- 
portion as  not  to  be  easily  detected.  Iodide  of  silver  has  been  found 
in  Mexico,  and  some  of  the  Slesian  ores  of  sine  contain  iodine. 

It  is  best  obtained  from  kelp,  the  ashes  of  various  species  of 
fiicus,  or  other  algee.  The  kelp  is  lixiviated  with  water,  and  the 
solution  evaporated  as  lon^  ns  it  deposits  crystals.  The  mother 
liquor  is  precipitated  by  a  mixture  of  1  part  of  sulphate  of  coppei- 
and  S^  parts  of  sulphate  of  iron,  and  the  precipitate,  which  is 
rab-iodide  of  copper,  Cu*  I,  if  heated  with  peroxide  of  manganese 
alone,  or  with  the  addition  of  sulphuric  acid,  yields  the  iodine  as  a 
purple  vapor,  which  condenses  in  black  crystalline  scales  on  the 
cold  part  of  the  apparatus.     It  is  purified  by  a  second  sublimation. 

At  ordinary  temperatures  iodme  is  solid,  of  a  grsylsh-black 
color,  and  metallic  lustre,  like  Dlumbago.  It  is  often  seen  in  acute 
rhombcudal  pUtea ;  it  is  very  brittle,  and  its  Sp.  Q.  is  4-946.  It 
melts  at  220°,  and  is  converted,  when  dry,  into  purple  vapor  at 
347".  Along  with  the  vapor  of  water  it  volatilizes  much  more 
oasiiy.  It  has  a  peculiar  murine  smell,  and  a  rough  acrid  taste, 
and  IS  poisonous. 

Iodine  is  sparingly  soluble  in  water,  which  takes  up  not  more 
than  Tt'ii  of  Its  weight  (1  lb.  of  water  dissolves  1  grain  of  iodine). 
The  solution  has  a  pretty  strong  brownish-yellow  color,  and  the 
smell  of  iodine.  Alcnohol  and  ether  dissolve  iodine  abundantly, 
forming  deep-brown  solutions.  Free  iodine,  whether  in  the  form 
of  vapor  or  of  solution,  gives  to  starch  a  deep-blue  color,  which 
affords  a  very  delicate  lest  for  iodine,  as  well  as  for  starch. 

Iodine,  like  chlorine  and  bromine,  enters  into  combination  witli 
phosphorus,  metals,  i&c,  when  placed  in  contact  with  tliem,  and 
frequently  with  the  phenomena  of  combustion. 

In  liquids  containing  a  minute  trace  of  iodine  in  combination, 
it  ia  best  detected  by  adding  fresh  starch  rubbed  up  with  water, 
and  then  a  very  tiUte  chlorine,  which  may  easily  be  done  by 
■imply  inclining  over  the  vessel  the  mouth  of  a  phial  containing 
some  solution  of  chlorine,  but  not  allowing  the  liquid  to  drop. 
There  is  always  some  chlorine  gas  in  the  upper  part  of  the  phini, 
which  by  its  weight  descends  to  the  surface  of  the  liquid  to  be 
tested,  and  the  whole  being  agitated  together,  a  blue  tint,  more  or 
less  deep,  appears  if  iodine  be  present.  Or  oil  of  vitriol  may  be 
added  to  the  liquid  supposed  to  contain  iodine,  in  a  phial,  and  a 
■lip  of  ftftt  moUtaned  with  stoi  * 


t  starch  paste  inserted  between  the 
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cOTk  nnd  th«  neck  of  the  phial,  so  db  to  be  auspended  over  the  liquid. 
After  a  lime,  if  iodine  l>e  present,  the  stArcb  ia  tinged  bloe.  In 
both  l«at3  the  iodine  ia  set  tree,  for  combined  iodine  has  no  action 
on  atarch.  In  the  chlorine  teat,  ihe  superior  affinity  of  chlorine 
seiies  on  the  metal  with  which  the  iodine  is  united.  Thus  :  K  I  + 
C1  =  KC1+I. 

In  power  of  affinity  iodine  stands  below  bromine,  as  bromine 
does  below  chlorine.  With  metals  it  forms  iodides  extremely 
ualogoas  to  the  chlorides  and  bromides.  The  iodidea  of  lead, 
mercury,  silver,  and  a  few  otliera  are  insoluble  or  sparingly  solu- 
ble ;  most  of  the  others  are  soluble.  Some  iodides  posseaa  beau- 
lifnl  colors,  as  those  of  lead  and  mercury.  With  hydrogen  and 
oxjgea  iodine  forms  compounds,  which,  as  far  aa  they  are  known, 
correspond  to  those  of  chlorine  and  bromine  with  the  same  elements. 

Iodine  itaelf,  and  many  metallic  iodides,  especially  iodide  of  po- 
BSsium,  are  much  used  in  medicine  as  remedies  in  scrofula,  and  as 
diacutients  for  glandular  tumors  in  general.  They  are  used  both 
■ntemally  and  externally  in  the  shape  of  baths  and  ointments. 
Iodide  of  Kulphnr  is  also  used  medicinally.  The  long  known 
efficacy  of  burnt  sponge  was  shown  by  Coindet  to  depend  on  its 
containing,  as  the  ashes  of  sea-plants  or  EOophytes  generally  do,  a 
small  proportion  of  iodine.  The  presence  of  iodine  has  also  been 
detected  in  certain  mineral  springs,  both  in  South  America  and  in 
Europe,  which  had  acquired  celebrity  as  capable  of  curing  goitre, 
a  disease  for  which  iodine  seems  to  be  a  specific  remedy,  at  least 
in  all  but  the  most  advanced  stages.  On  the  whole,  the  discovery 
of  iodine,  which  was  made  almost  accidently  hy  Courtois,  a  soap- 
b<Hler,  in  Paris,  in  1811,  has  proved  a  very  valuable  addition  to  the 


Hydriodic  Acid.  H  I  =  1^7-57. 
This  acid,  which  is  exactly  similar  in  properties  to  hydrochloric 
and  hydrobroraic  acids,  is  best  obtained,  in  the  form  of  gas,  by 
gently  heating  a  miiture  of  one  part 
of  phosphorus  nnd  16  of  iodine,  strati- 
fied with  moistened  sitnd  or  powdered 
gloss,  in  a  small  tube.  The  gas  may 
be  collected  over  mercury,  or  absorbed 
by  water,  if  the  liauid  acid  is  required. 
As  iodine  and  pnosphorus  act  very 
Tiolently  on  each  other,  and  indeed 
take  fire  in  the  open  air,  they  ought  to 
be  brought  in  contact  in  the  retort,  and 
it  is  even  preferable  to  fill  it  first  with 
carbonic  acid.  Hillon  has  lately  pro- 
posed   another    method,   namely,    to 


ronic  ACID.  I  OS 

dlnolve  in  s  very  Bmall  quantity  of  water,  in  a  reUrft  or  flask,  some 
iodide  of  potassium,  to  odd  to  ibis  as  mnch  iodine  as  it  will  diasolre, 
and  a  moderate  qunndty  of  phoepliorus  in  small  pieces,  and  then 
to  apply  a  gentle  heat.  In  this  way  the  action  is  more  ea«ly 
rejrulated. 

Hydriodic  acid  gas  is  transparent,  colorless,  acid  to  the  taste, 
and  suffocating  to  the  smell.  It  has  a  Sp.  G.  of  4-38fi,  fumes 
strongly  in  the  air,  and  is  absorbed  by  water  to  as  great  an  extent 
as  hydrochloric  acid  gas,  from  which  it  is  not  to  be  easily  dis- 
tinguished, except  by  thv  action  of  chlorine  or  bromine,  which, 
aeising  the  hydrogen,  disengage  the  purple  vapors  of  iodine. 

The  uqut'ous  solution  is  prepared  by  passing  a  current  of  the  gas 
through  water,  by  passing  a  current  of  sulphuretted  hydrogen 
through  water  in  which  iodine  is  suspended,  or  by  adding  diluted 
■nlphuric  acid  to  a  solution  of  iodide  of  barium.  Tlie  two  latter 
methods  are  thus  expressed  : 
I.  I  +  H8  =  H!  +  8.    2.BaI4-HO,SO)  =  HI  +  BaO,3  0.. 

When  very  concentrated,  this  solution  acquires  a  Up.  Q.  of  1-700. 
It  does  not  keep  weli,  howt-ver,  being  decomposed  by  the  oxygen 
of  the  air,  with  separaUon  of  iodine,  HI  +  0=H04-I-  With 
solution  of  bichloi'ide  of  platinum,  hydriodic  acid  strikes  a  deep 
brownish-red  color ;  with  nitrate  of  bismuth  a  dark  brown,  nearly 
black.  Hydriodic  acid  can  dissolve  a  large  quantity  of  free  iodine. 
which  gives  it  a  deep  brown  color  ;  hence  the  gradual  decomposi- 
tion of  the  acid  by  the  air  is  shown  by  its  becoming  continually 
darker,  from  dissolving  the  iodine  separated. 

With  metallic  oxides,  this  ncid  forms  water  and  Iodides.  Thus, 
with  solution  of  silver,  it  forms  a  yellowish -white  precipitate  of 
iodide  of  silver ;  with  solution  of  lead,  a  line  yellow  prectpilatc  of 
iodide  of  lead  ;  and  with  solution  of  pcro.\ide  or  bichloride  of  mer- 
cury, a  beautiful  scarlet  precipitate  of  biniodide  of  mercnry. 
With  chlorine  and  starch,  it  of  course  gives  the  blue  iodide  of 

a.   Iodic  Acid.     IO(=16G'6T5. 

Analogous  to  chloric  and  bromic  acids.  To  obtfun  it,  iodine  is 
boiled  in  a  long-necked  flask  with  the  strongest  nitric  acid,  when 
it  is  gradually  oxidized,  and  the  excess  of  nitric  acid  is  expelled 
by  a  moderate  heat.  Or  0  parts  of  iodate  of  baryta  arc  boiled 
with  a  mixture  of  2  parts  of  oil  of  i-itriol  and  10  or  12  of  water. 
The  filtered  liquid  by  evaporation  yields  iodic  acid  as  a  while 
crystalline  solid. 

It  is  very  soluble  in  water  and  very  acid  to  the  taste.  It  is 
easily  resolved  into  iodine  and  oxygen  by  a  red-heat;  and  it  also 
yields  oxygen  to  many  organic  eubMances,  and  is  used  as  a  test  for 
morphia  or  its  nlta,  «hi<£  it  eOlon  dark  brown. 
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The  salts  of  iodic  acid,  like  the  chlorates  and  bromates,  defla- 
grate with  combustible  bodies  at  a  red-heat,  but  not  so  powerfully 
as  chlorate  of  potash.  Iodic  acid  forms  two  series  of  salts,  with 
1  and  2  eq.  of  base  respectively. 

Iodic  acid  is  decomposed,  iodine  being  separated,  by  hydro- 
chloric and  hydrobromic  acids,  also  by  sulphuretted  hydrogen  and 
sulphurous  acid.  It  may,  therefore,  be  recognized  by  using  any 
of  these  re-agents,  followed  by  starch,  to  detect  the  free  iodine. 

b.  Periodic  Acid.     107  =  182*661. 

Analogous  to  perchloric  acid.  Formed  when  iodate  of  soda  is 
heated  with  bleaching  liquor  (chloride  of  soda),  or  when  chlorine 
is  passed  through  a  hot  solution  of  7  parts  of  dry  carbonate  of 
soda  in  100  of  water,  in  which  1  part  of  iodine  is  suspended,  as 
long  as  a  white  crystalline  salt  is  deposited.  This  is  periodate  of 
soda.  It  is  dissolved  in  dilute  nitric  acid,  and  nitrate  of  lead 
added,  which  forms  a  precipitate  of  periodate  of  lead.  This  last 
salt  is  boiled  with  diluted  sulphuric  acid,  avoiding  excess,  and  the 
filtered  solution  or  evaporation,  yields  crystals  of  periodic  acid  in 
transparent  plates. 

When  heated,  this  acid  is  dissolved  into  oxygen  and  iodic 
acid.  It  forms  with  bases  two  series  of  salts,  with  I  and  2  eq.  of 
base. 

It  is  at  present  doubtful  if  there  exist  compounds  of  iodine  with 
less  oxygen  than  iodic  acid.  Salts  have  been  obtained,  having  a 
composition  represented  by  MO,  I O:  but  the  supposed  hypo-iodous 
acid,  I  0,  has  not  been  isolated,  and  these  salts  are  very  easily 
resolved  into  a  mixture  of  iodates  and  iodides,  of  which  they  may 
possibly  be,  in  reality,  composed ;  for  6  (M  0,  I  0)  =  6  M I  -|- 
MO,  lOs. 

IODINE   AND   NFTROGRN. 

When  iodine  is  placed  in  contact  with  aqua  ammoniae,  there  is 
formed  a  black  powder,  the  composition  of  which  b  either  N  I,  or 
NI4.  It  explodes  with  very  great  violence,  often  spontaneously, 
on  becoming  dry  by  exposure  to  the  air ;  and  at  all  times  by  very 
alight  causes,  a  slight  blow,  or  friction.  It  is,  therefore,  a  very 
dangerous  substance. 

IODINE   AND    CHLORINE. 

Iodine  readily  combines  with  chlorine,  forming  apparently  two 
compounds,  I  CI  and  I  CI 3,  which,  however,  are  not  well  known. 
Both  of  them  arc  volatile  liquids,  of  a  brown  color  and  exceedingly 
pungent  odor,  strongly  afiecting  the  eyes.  When  acted  on  by 
alcaUes,  they  yield  iodate  of  the  base  aiui  chloride  of  the  metal, 
while  iodine  is  set  finee«    Water,  abo,  deeompQaei  them. 
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lODnni  AND  BBOHim. 

Iodine  appears,  also,  to  form  two  componnds  with  bromine,  of 
wbich  one  ia  solid,  the  otlicr  liquid,  with  alc&lies  thej  yield  a 
nuzture  of  iodate  of  the  oxide  and  bromide  of  the  metal,  with  fi«e 
iodine. 

7.  Flcobime,     P=  18-74, 

This  element  occurs  in  the  mineral  kingdom  combined  with 
calcium,  aa  fluor  spar  ;  also  in  small  proportions  as  an  element  of 
mica  and  of  topaz.  Fluoride  of  caldum  is  also  in  minute  quantity 
an  ingredient  of  animal  bones,  especially  of  the  enamel  of  the 
teeth,  and  of  the  urine  of  some  animals.  It  is  very  remarkable, 
that  fossil  bones  contain  much  more  fluoride  of  calcium  than  recent 
bones ;  in  some  cases  even  10  per  cent.  Even  human  bones  of 
the  hislorical  period,  as  bones  from  the  tombs  of  Egypt,  or  from 
Pompeii,  appear  to  contain  more  fluoride  of  calcium  than  those  of 
the  present  day. 

Fluorine  has  not  yel  been  isolated,  owing  no  doubt  to  ila  very 
powerful  affinities,  which  cause  it,  even  if  separated  from  one  sub- 
stance, instantly  to  unite  with  another,  derived  from  the  substance 
of  the  vessel  used  for  the  experimenl.  Its  properties  in  the  sepa- 
ntte  state,  are  therefore  unkaown.  Knox  and  Baudrimont  have 
of  late  made  repeated  eiforta  to  isolate  fluorine,  using  vessels  of 
fluor  spar,  &e,,  hut  aa  yet  without  satisfactory  results ;  although 
it  is  conjectured,  from  some  of  these  experiments,  to  be  a  yellow 
gas,  not  unlike  chlorine.  It  ia  probable,  however,  that  the 
presence  of  chlorine  has  been  the  cause  of  this  apparent  resem- 
blance. 

The  affinities  of  fluorine  for  metals  and  for  electro-positive  ele- 
ments in  general,  are  very  powerful  indeed  ;  probably  surpassing 
those  of  oxygen.  On  the  other  hand,  it  has  not  been  obtained  in 
combination  with  any  of  the  more  negative  elements,  such  as  oxy- 
gen, chlorine,  bromine,  and  iodine.  These  considerations  render 
It  probable  that  it  is  a  highly  negative  body ;  and  the  character 
of  its  compounds  with  hydrogen  and  metals  indicates  a  strong 
analogy  between  ftnorine  and  chlorine,  bromine  and  iodine. 

FLnORlKK    ASD    HTDROOZN. 

Hydrofluoric  Acid.  H  F  =  19-74. 
Stn.  Fluoric  Acid.  —  This  acid  is  obtained  by  the  action  of 
<ul  of  vitriol  on  fluoride  of  calcium  (fluor  spar).  The  powdered 
mineral  is  gently  healed  with  the  acid  in  a  retort  of  lead,  silver,  or 
platinum,  as  glass  and  porcelain  are  destroyed  by  the  process,  and 
die  acid  condensed  in  a  receiver  of  the  same  metal,  surrounded 
by  a  b-eeiing  mixture.  The  action  ia  thus  expressed: 
C*F  +  H0,S0»  =  CaO,8  0i  +  HF. 
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The  acid  appears  as  a  very  volatile  liquid,  strongly  acid  and 
corrosive,  fuming  in  the  air.  A  drop  on  the  skin  bums  it  like 
red-hot  iron»  and  causes  a  painful  sore,  not  easily  healed.  Even 
the  vapors,  if  they  are  allowed  to  come  much  in  contact  with  the 
hand,  are  apt  to  cause  painful  sores  under  the  nails.  The  acid, 
even  when  much  diluted,  or  in  the  form  of  vapor,  rapidly  corrodes 
glass,  and  may  be  used  for  etching  on  glass  plates. 

With  metallic  oxides  hydrofluoric  acid  gives  rise  to  water  and 
metallic  fluorides :  H  F  +  M  O  =  H  O  +  M  F.  The  affinity  of 
fluorine  for  silicon  is  such,  that  hydrofluoric  acid  decomposes  all 
silicious  compounds  ;  and  this  explains  its  corrosive  action  on  glass 
and  porcelain.  Bcrzelius  has  employed  this  acid  as  a  means  of 
analyzing  silicious  minerals.  As  the  fluoride  of  silicium  is  gaseous, 
any  such  mineral,  if  digested  with  hydrofluoric  acid,  soon  loses  all 
its  silica,  and  is  dissolved,  so  that  the  other  ingredients  may  be 
determined. 

No  compound  of  fluorine  with  any  of  the  preceding  elements, 
except  hydrogen,  is  yet  known.  Its  compounds  with  silicon, 
boron,  and  the  metals,  will  come  to  be  described  in  their  natur^ 
places. 

8.  Sulphur.     S=  16.12. 

Sulphur  occurs,  especially  in  volcanic  districts,  in  a  state  of 
purity,  often  crystallized.  It  is  also  found  in  combination  with 
oxygen,  as  sulphuric  acid,  in  gypsum,  heavy  spar,  and  many  other 
minerals,  with  hydrogen  as  sulphuretted  hydrogen,  in  mineral 
waters,  and  above  all  with  metals,  —  most  abundantly  with  lead, 
iron,  copper,  <kc.  Finally,  it  is  an  essential  ingredient  of  vegetable 
and  animal  fibrine,  albumen,  and  caseinc,  and  as  such  is  indispens- 
able to  vegetation  and  to  animal  life.  Some  essential  oils,  such  as 
those  of  mustard,  of  horse-r<idish,  of  assafcetida,  <&c.,  contain  a 
large  proportion  of  sulphur. 

Native  sulphur  is  purified  by  sublimation,  when  the  sulphur 
assumes  the  form  of  a  fine  light  powder,  flowers  of  sulphur.  It 
also  occurs  in  cylindrical  sticks,  roll  sulphur,  which  nas  been 
melted  and  run  into  moulds. 

Sulphur  is  a  solid,  of  a  pale  yellow  color,  of  Sp.  G.  1*99,  and 
when  pure  has  neither  taste  nor  smell.  It  melts  at  226°,  and 
boils  at  600®,  yielding  a  deep  brownish-yellow  vapor,  or  gas.  At 
temperatures  below  390®,  the  melted  sulphur  is  very  fluid,  but  if 
heated  to  and  beyond  that  point,  it  becomes  so  thick  and  viscid 
that  it  cannot  be  poured  out  of  the  vessel.  If  the  heat  be  still 
increased,  so  as  to  approach  the  boiling  point  of  sulphur,  it  again 
becomes  fluid,  although  not  so  much  so  as  at  230®  ar  240®.  If 
now  allowed  gradually  to  cool,  it  first  becomes  thick,  and  on  cool- 
ing still  further,  quite  fluid  again.  When  thrown  into  water  in 
its  most  fluid  state,  (at  240^),  it  instantly  becomes  a  hard  brittle 
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yellow  mats;  but  if  liented  to  between  600°  and  600°  for  gome  time, 
and  then  thrown  into  water,  it  rtmnins  brown  and  transparent, 
and  is  so  flexible  that  it  m,')}'  be  kneaded  in  the  fingers,  and  drawn 
into  threads.  In  this  state  it  may  he  used  for  taking  copies  of 
reliefs  or  intaglios ;  for  in  a  few  daj-s  it  becomes  solid,  crystalline, 
hard,  and  yellow,  rctaiuing  very  sharp  impressions. 

Sulphur  is  a  very  bad  conductor  of  beat  and  of  electricity  ; 
hence  it  becomes  strongly  electric  by  friction.  It  crystallizes  in 
two  distinct  and  irreconcilable  forms,  probably  from  a  difference 
of  temperature  ;  from  a  solutiou  in  sulphide  of  carbon,  or  chloride 
of  sulphur,  in  acute  rhombic  octohedrons  ;  and  when  melted  and 
allowed  to  cool,  in  oblique  rhombic  prisms.  It  is  thus  dimorphous, 
and  besides  occurs  in  an  altogether  amorphous  state  when  heated 
to  fiO0°  and  thrown  into  cold  water  (aee  above). 

Sulphur  is  insoluble  in  water ;  soluble  in  alcohol,  ether,  and  oils, 
also  in  bisulphide  of  carbon,  and  in  chloride  of  sulphur. 

The  affinities  of  sulphur  arc  powerful :  it  forma  numerous  and 
important  compounds,  especially  those  with  oxygen,  hydrogen, 
and  the  metals.  With  many  metals  it  combines  when  healed 
along  with  them,  the  combination  being  accompanied  with  the 
deveiopilient  of  heat  and  light.  In  other  words,  metals  undergo 
combustion  with  sulphur,  just  as  with  oxygen  or  chlorine.  The 
compounds  of  sulphur  with  metaia  are  called  sulphides. 

Beudes  roll  sulphur,  and  sublimed  sulphur,  there  is  another 
form,  namely,  precipitated  sulphur  or  lac  sulpburis.  This  is  a 
Kghl  powder.  Dearly  white,  obtained  by  boiling  sulphur  with  water 
and  an  alcali,  and  adding  an  acid  to  the  solution,  when  sulphur 
separates  as  a  precipitate.  It  is  very  finely  divided,  and  appears 
to  contain  some  water,  although  not  perhaps  chemically  combined. 

Sulphur  is  much  used  both  ext«mally  and  internally  in  medi- 
cine. It  is  a  mUd  laxative,  and  acts  as  a  specific  when  employed 
as  ointment  in  prurigo  and  some  other  cutaneous  affections. 

When  heated  to  above  660°  in  the  open  air,  sulphur  takes  fire 
and  bnms  with  a  blue  flame,  producing  a  very  suffocating  gas, 
which  is  sulphurous  acid,  the  only  compound  of  sulphur  with 
oxygen  capable  of  being  formed  by  direct  combination  of  its  ele- 
ments. There  are,  however,  several  other  compounds  of  sulphur 
and  oxygen  ;  and  one  of  them,  the  sulphuric  acid,  is  perhaps  the 
most  important  agent  possessed  by  the  chemist. 

SULFBCR    AND    OXYGEK. 

a.  BulphuTous  Acid.  SOi  =  39'146. 
This  is  the  gas  produced  when  sulphur  bums  in  the  air  or  in 
oxygen  gas.  It  is  best  obtained  pure  by  beating  oil  of  vitriol  with 
mercury  or  copper.  Either  of  these  metals  deprives  a  part  of  the 
■nlphuric  acid  of  oxygen,  and  the  oxide  thus  formed  combines 
vith  the  rest  of  the  aoid.     Thus  : 
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Cu  +  2(HO,  SOs)  =  (CuO,  SOs)  +  2H04-SOt. 

The  gas  may  be  collected  over  mercury,  being  absorbed  by 
water. 

Sulphurous  acid  is  a  transparent  and  colorless  gas :  it  has  a 
peculiar  disagreeable  taste,  and  a  most  suffocating  smell,  and  is 
very  injurious  when  respired  ;  its  effects,  such  as  hard  cough,  con- 
striction in  the  trachea,  <fec.,  continuing  for  a  long  time.  It  is  also 
very  injurious  to  vegetation.  Its  Sp.  G.  is  2*222.  It  bleaches 
organic  matters,  such  as  flowers,  witnout  destroying  the  coloring 
matter  as  chlorine  does ;  for  the  addition  of  a  stronger  acid  pro- 
duces the  same  red  as  if  the  color  had  not  been  bleached.  Sul- 
phurous acid  gas  is  liquefied  by  intense  cold,  and  yields  a  very 
volatile  liquid. 

Water  absorbs  about  50  times  its  volume  of  this  gas,  forming 
liquid  sulphurous  acid,  as  it  is  called,  properly  an  aqueous  solution 
of  the  acid.  This  solution  has  the  suffocating  smell,  peculiar 
taste,  and  bleaching  properties  of  the  gas.  If  exposed  to  the  air, 
it  gradually  absorbs  oxygen,  and  passes  into  sulphuric  acid. 
Nitric  acid  also  converts  sulphurous  acid  into  sulphuric  acid. 

With  bases,  sulphurous  acid  forms  salts  which  are  cojled  sul- 
phites. They  have  all  the  unpleasant  taste  of  the  acid,  and  when 
acted  on  by  stronger  acids,  give  off  the  suffocating  smell  of  burn- 
ing sulphur.  These  salts,  as  well  as  the  acids,  are  occasionally 
used  by  the  chemist  as  deoxidizing  agents,  the  sulphurous  acid 
having  a  very  powerful  attraction  for  a  third  eq.  of  oxygen  to 
form  sulphuric  acid.  The  oxides  of  mercury,  silver,  gold,  and 
platinum,  in  solutions  of  their  salts,  are  reduced  to  the  metallic 
state  by  sulphurous  acid. 

b.  Sulphuric  Acid.     SOs  =40159. 

Oil  of  vitriol,  or  hydrated  sulphuric  acid  =  HO,  SO3  or  H, 
SO  4  =  49-272. 

The  first  of  these  formulae  represents  dry  or  anhydrous  sul- 
phuric acid,  or  at  least  a  substance  having  the  composition  of  oil 
of  vitriol,  minus  1  eq.  of  water.  But  it  is  very  doubtful  if  this 
compound  really  possesses  acid  properties ;  and  we  consider  as 
true  sulphuric  acid  the  well-known  compound  of  oil  of  vitriol^ 
which  may  be  viewed  either  as  a  compound  of  water  (a  hydrate), 
or  a  compound  of  hydrogen  (a  hydrogen  acid,  analogous  to 
hydrochloric  acid). 

Anhydrous  sulphuric  acid  is  obtained  by  distilling  dried  basic 
persulphate  of  iron,  Fes  Os  SOs,  when  the  peroxide  of  iron  is 
left,  and  tlie  sulphuric  acid  distils  over,  condensmg  in  the  receiver 

iif  kept  dry)  as  a  white  crystalline  solid,  which  gives  off  thick 
limes  in  moist  air,  is  converted  into  vapor  at  about  160^,  and  has 
so  strong  an  affinity  for  the  elements  of  water,  that  when  thrown 


OIL   OF   VITKIOL.  Ill 

into  water  it  hiuea  as  a  red-hot  iron  would  do,  combinio^  with  the 
Wftter  and  forming  oil  of  vitriol. 

This  componDO,  SOi,  enters  into  few  combinations,  and  does 
not  form  the  ordinary  sulphates,  unless  the  elements  of  water  be 
present.  Its  claim  to  the  character  of  an  acid  is  therefore  doabt- 
ral,  and  depends  oa  the  view  which  makes  oil  of  vitriol  a  hydrate,  - 
HO.SOj. 

OIL  or   VTTRIOL,   OR  TSrB   BCLPHDBIO  ACID. 

This  acid  cannot  be  formed  by  the  direct  union  of  its  elements, 
but  is  produced  by  causing  sulphurous  acid  to  unit«  with  an  addi- 
tional eq.  of  oxygen,  in  contact  with  the  elements  of  water.  Sul- 
phur is  burned  with  the  aid  of  nitrate  of  potash  or  aods,  thus 
yielding  a.  mixture  of  Eulphurous  acid  and  nitrous  acid  gases. 
These  gtiscs  are  conducted  into  leaden  chambers  along  with 
Umoapheric  air  and  steam,  the  bottom  of  the  chambers  being 
also  covered  with  water.  All  the  changes  which  take  place  are 
not  thoroughly  understood  ;  but  this  much  is  certain,  diat  the 
■nlphurous  acid  is  oxidised  at  tlie  expense  of  the  nitrous  acid, 
reducing  it  to  the  state  of  deutoiide  of  nitrogen  : 
3S0t+N0.=a  S0»4-N0«. 
The  water  becomes  gradually  charged  with  oil  of  vitriol,  and 
the  deutoiide  of  nitrogen,  being  reconverted  into  nitrous  acid  by 
contact  with  the  oxygen  of  the  air,  again  yields  half  its  oxygen 
to  a  fresh  portion  of  sulphurous  acid  ;  and  thus,  for  an  indetinite 
period,  acts  as  a  carrier  of  oxygen  from  the  air  to  the  snlphurous 
acid.  In  this  way,  a  comparatively  small  quantity  of  nitrate  is 
required  for  a  large  quantity  of  sulphur. 

When  the  liquid  has  become  very  acid,  it  is  boiled  down  in 

platinum  or  glass  vessels  until  it  acquires  the  Sp.  G.  I-84£,  when 

it  begins  to  be  converted  into  vapor  itself,  all  the  superfluous 

water  being  now  driven  off.     The  remaining  liquid  la  now  <Al  of 

fr  vitriol. 

Oil  of  vitriol,  or  hydrated  sulphnric  acid,  is  an  oily  liquid, 
nearly  twice  as  heavy  as  water,  very  acid  and  corrosive,  charring 
all  organic  matters,  apparently  by  its  very  strong  attraction  for 
water,  or  its  elements.     It  freezes  at — 31°,  and  boils  at  617°. 

The  oil  of  vitriol  prepared  at  Nordhausen  and  other  places,  by 
the  old  process  of  nislilling  partially  dried  green  vitriol,  (whence 
its  namej,  often  fumes  on  eipoeure  to  the  air,  and  is  called  Nord- 
haosen  oil  of  vitriol,  or  fuming  sulphnric  acid.  It  is,  in  fact,  a 
compound  of  1  eq.  anhydrous  acid,  and  1  eq.  of  common  or  hy- 
drated sulphuric  acid  =  H  0,  2  S  On,  or  H  O,  30s  +  30,.  When 
the  fuming  acidofNordhausen  is  distilled  at  about  290°,  anhydrous 
acid  distils  over,  and  hydrated  acid  remains  behind.  Most  speci- 
mens of  the  fuming  acid  contain  &to  8  per  cent,  of  hydrated  acid, 
in  excess  beyond  the  formula  H  O,  S  Os,  +  8  Oi. 
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If  we  view  common  sulphuric  acid  as  a  hydrate  of  the  anhy- 
drous acid,  then  we  have  several  hydrates  of  which  the  fuming 
acid  is  one.  There  are,  1st,  fuming  acid,  HO,  2  S  Oa  ;  2nd,  com- 
mon acid,  H  O,  S  Oa  ;  3rd,  H  O,  S  Os  +  H  0  =  S  O3  +  2  H  O ; 
4th.  H  O,  S  O3  +  2  H  O  =  S  O3  +  3  H  O. 

The  third  hydrate  has  a  8p.  G.  of  1-78,  and  at  39°  crystallizes 
in  large  regular  transparent  crystals.  Of  the  two  eqs.  of  water  it 
contains,  one  is  easily  replaced  by  an  eq.  of  a  neutral  salt ;  thus, 
H  O,  S  O3  +  H  O  gives  rise  to  bisulphate  of  potash  (H  0,  S  O3 
+  K  O,  S  O3).  when  the  second  eq.  of  water  is  replaced  by  neutral 
sulphate  of  potash.  The  first  eq.  of  water  can  only  be  displaced 
by  an  eq.  of  a  base ;  as  when  HO,  S  O3  gives  rise  to  neutral 
sulphate  of  potash,  K  0,  S  O3. 

The  fourth  hydrate  may  be  regarded  as  the  third  +  1  eq.  water 
of  crystallization.  Its  Sp.  G.  is  1-632.  If  heated  to  212°,  it 
loses  water,  until  nothinn;  remains  but  the  third  hydrate. 

If  we  view  oil  of  vitriol,  HO,  S  O3,  as  the  original  compound 
from  whfch  all  the  others  are  derived,  then  the  mming  acid  will 
be  a  compound  of  1  eq.  of  it  with  1  eq.  of  anhydrous  acid,  and 
the  other  two  hydrates  will  contain  1  eq.  oil  of  vitriol,  with  1  and 
2  eq.  of  water  respectively. 

The  attraction  of  oil  of  vitriol  for  water  is  very  strong.  When 
these  liquids  are  mixed,  a  great  amount  of  heat  is  deveToped,  de- 
pending partly  on  the  energetic  chemical  action,  partly  on  the 
condensation  which  takes  place ;  for  the  volume  of  the  diluted 
acid,  afler  cooling,  is  found  to  be  considerably  less  than  that  of 
the  acid  and  water  before  mixture.  Oil  of  vitriol  attracts  moisture 
strongly  from  the  atmosphere,  becoming  rapidly  weaker  if  ex- 
posed. 

This  property  is  made  use  of  in  Leslie's  ingenious  method 
of  freezing  water  in  vacuo  by  its  own  evaporation  ;  the  evapora- 
tion being  greatly  hastened  by  the  presence  of  a  vessel  containing 
oil  of  vitriol,  to  absorb  the  vapor  as  fast  as  it  is  formed.  In 
chemical  researches,  where  heat  is  to  be  avoided,  liquids  are  fre- 
quently concentrated  by  being  placed  either  in  vacuo,  or  simply 
under  a  bell-jar,  along  with  a  basin  of  this  acid.  Many  gases, 
such  as  chlorine,  carbonic  acid,  &c.,  <&c.,  are  most  conveniently 
deprived  of  moisture  by  causing  them  to  pass  through  oil  of  vit- 
riol, which  arrests  all  the  water  they  contain.  It  is  this  powerful 
attraction  for  water  that  is  the  principal  cause  of  the  charring  or 
corrosion  of  organic  matters  by  this  acid.  When  wood,  for  exam- 
ple, is  charred  by  sulphuric  acid,  the  acid  is  found  tp  have  under- 
gone no  further  change,  except  that  it  is  more  diluted,  having  com- 
bined with  water,  the  elements  of  which  are  derived  from  the 
wood.  Now,  as  wood  may  be  represented  as  carbon  +  water, 
the  removal  of  water  is,  of  course,  accompanied  by  a  separation 
of  carbon. 
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No  chemical  agent  U  applied  to  a  greater  number  of  purpoaoB 
in  the  useful  arts  than  sulphuric  acid  ;  and  hence  its  monuiacture 
is  of  very  high  importaoce.  Since  the  introduction  and  improve- 
ment of  tlie  process  now  followed,  the  price  of  this  invaluable 
product  has  been  diminished  to  a  tiifling  traction  of  what  it  woa ; 
and  its  applications  have  in  consequence  become  vastly  more  nu- 
merous and  important.  These  will  be  described  in  their  proper 
places ;  but  it  may  here  be  mentioned,  that  two  of  the  most 
extensive  and  valuable  chemical  manufactures,  those  of  soda  &om 
aea-salt,  and  of  bleach ing-powder,  are  entirely  dependent  on  the 
supply  of  sulphuric  acid  at  a  loir  price  ;  and  that  not  only  these 
manufactures  have  benefited  by  every  reduction  in  Ita  coat  of 
making  ibe  acid,  but  also  all  the  important  arts  to  which  soda 
and  bTeaching-powder  are  essential ;  such  as  soap-making,  glasa- 
making,  and  the  cotton  and  calico-printing  trades. 

The  uses  of  this  acid  to  the  scientific  chemist  are  mnnmerable ; 
almost  every  page  of  chemical  works  beara  evidence  of  this.  In 
medicine,  diluted  sulphuric  acid  is  used  as  a  refrigerant,  and  care 
should  be  taken  to  avoid  administering  it  along  with  incompatible 
substances,  such  as  all  bases,  and  many  salts. 

The  commercial  acid  is  never  pure.  The  chief  impurities  are 
sulphate  of  lead,  derived  &om  the  lead  chambers ;  arsenic,  and 
occasionally  selenium,  derived  from  the  suiphur ;  and  nitrous, 
or  hyponitrous  add.  It  is  purified  by  distillation,  the  first  portions 
being  rejected,  as  containing  the  nitrous  add.  The  operation  in 
glass  vessels  requires  caution,  as  from  the  high  temperature,  and 
the  tendency  of  the  acid  to  boil  with  succnssions,  the  retorts  ore 
liable  to  be  broken.  The  danger  ia  best  avoided  by  introducing 
into  the  retort  some  coils  of  platinum  wire,  and  healing  chiefly 
from  above,  so  that  the  ebullition  may  go  on  at  the  surface  prin- 
cipally. 

The  pure  distilled  acid  is  perfectly  colorless,  and  when  cold, 
devoid  of  smell ;  it  ought  also  to  be  entirely  dissipated  when 
heated  on  platinum,  leaving  no  residue. 

The  presence  of  sulphuric  acid,  whether  free  or  combined,  is 
delected  in  solutions  by  the  characteristic  property  of  forming, 
with  any  soluble  compound  of  barium,  a  precipitate  of  sulphate 
of  baryU,  which  is  not  only  insoluble  in  water,  but  also  in  the 
strongest  acids. 

With  bases  sulphuric  add  forms  salts,  which  are  called  sul- 
phates. In  the  neutral  sulphates,  the  water  of  the  oil  of  vitriol  is 
replaced  by  its  equivalent  of  a  metalUc  oxide ;  or,  if  we  regard 
oil  of  vitnol  as  a  hydrogen  acid,  then  in  the  neutral  sulphates 
the  hydrogen  is  replaced  %y  ita  equivalent  of  a  metal.  Thus  we 
have. 

Oil  of  vitriol  =  H  O,  B  09,  or  H,  S  0<  and  a 
Neutral  sulphate  =  H  O,  S  O*,  or  H,  S  Oi . 
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The  acid  in  the  neutral  sulphates,  as  nay  be  seen  by  their  fonnula, 
contains  three  times  as  much  oxygen  as  the  base  by  which  it  is 
neutralized.  This  holds  true  also  in  the  sulphates  of  sesquioxides, 
the  formula  of  which  is  Ms  Oa,  3  8  Os,  or  Ms ,  3  8  0« .  The  acid 
sulphates,  which  are  numerous,  contain  twice  as  much  acid  as  the 
neutral ;  thus  acid  sulphate,  or  bisulphate  of  potash,  is  K  O,  H  O, 
2  S  Os  ;  when  the  acid  contains  six  times  as  much  oxygen  as  the 
base. 

The  affinity  of  sulphuric  acid  for  most  bases  is  stronger  than 
that  of  all  other  acids.  In  a  red-heat,  phosphoric  and  boracic 
adds,  being  fixed  in  the  fire,  expel  sulphuric  acid  from  its  salts. 
In  soltttkn*  sulphate  of  lime  is  decomposed  by  oxalic  and  racemic 
•eids,  which  seize  ihe  lime ;  and  sulphate  of  potash,  by  tartaric, 
racemic,  and  perchloric  acids,  whicn  combine  with  the  potash. 
In  other  circumstances,  bowerer,  the  sulphuric  acid  appears 
stronger  than  the  acids  just  mentioned  ;  thus,  it  decomposes  phos- 
phates in  the  cold,  and  tartrates,  or  perchlorates,  with  the  aid  of  a 
gentle  heat 

Many  sulphates  of  metallic  oxides,  when  exposed  to  a  red-heat 
along  with  charcoal,  or  in  a  current  of  hydrogen  gas,  lose  all  the 
oxygen  they  contain,  and  are  changed  into  sulphides  of  the  metal. 
When  charcoal  is  used,  the  oxygen  escapes  as  carbonic  oxide,  or 
carbonic  acid  gas ;  when  hydrc^n  is  employed,  the  oxygen  is 
giren  off  as  water.  Thus,  MO,  SOs  +  C«  =4G0-fMS;  or 
MO,  S03+H4=4HO-fMa 

c.  Hyposulphurotts  Acid.     St  Os  =  48*366. 

Th»  acid  is  unknown  in  the  separate  state.  Its  salts  are  formed 
when  sulphur  is  boiled  with  a  solution  of  sulphite.     Thus,  if  sul- 

5 bile  of  soda  is  boOed  wiUi  sulphur,  we  hare  Na  O,  8  Os  -f-  S  = 
Ta  O,  Ss  Os.  The  salts  of  this  acid  are  called  hyposulphites,  and 
they  are  all,  except  the  hyposulphite  of  baryta,  easily  soluble  in 
water.  Hyposulpnites  are' also  formed  when  alcalies  are  fused  at 
a  low  heat  with  sulphur,  and  when  solutions  of  akaline  sulphides 
are  exposed  to  Che  air  so  as  to  be  slowly  oxidized. 

When  we  attempt  to  separate  hydrosulphurous  acid  firom  any  of 
its  salts,  it  is  instantly  resoiyed  into  sulphurous  acid  and  sulphur, 
St  Os  ^  S  Os  -f-  8.  '  When  oxidiied  by  nitric  acid,  the  hyposul- 
phiti^s  are  converted  into  bisulphates :  K  O,  Ss  Os  +  O4  ==  K  O, 
SSOs, 

This  acid,  and  all  its  soluble  sails,  possess  the  remarkable  prop- 
erty of  dissolving;  all  the  compounds  of  silver,  even  th^chloride, 
which  is  insoluble  in  the  strongest  acids :  and  the  solution  thus 
formed  has  a  very  intense  sweet  taste,  with  a  metallic  after-taste. 
This  pn^perty  has  been  made  available  in  the  daguerreotype,  for 
the  purpose  of  dissolving  the  sensiiive  coaling  of  iodide  fincoa  the 
plate  of  silver,  after  ^xpoaur^  to  lights  and  lh«s  fixing  the  imi^ 
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alread 7  formed.     For  this  purpose,  byposulphate  of  Boda  is  now 
prepared  in  considerable  quantity. 

d.  Hjrpoaulphuric  Add.     St  Oi  =73-366. 

This  acid  is  fonned,  along  with  sulpfauric  acid,  when  sulphurous 
Kcid  is  oxidized  by  means  of  peroxideof  manganeBe :  3  S  O3  -H 
8MDOi=MnO,  S]0>  +  MnO,  SOa.  The  solution  thus 
obtained  is  decomposed  by  baryta,  or  by  sulphide  of  barium,  by 
which  the  manganese  is  separated  as  oxide  or  as  sulphide,  and  the 
sulphuric  acid  as  sulphate  of  baryta,  and  hypoaulphate  of  baryta, 
ft  soluble  salt,  is  obtained :  Mn  0,  Si  0«  +  Ba  S  =  Ba,0,  S>  Oi 
+Md8;  and  Mn  O,  S  Oa  +  Ba  S  =  Ba  0,  S  Oa  +  IbS.  The 
filtered  soluUon  is  then  mixed  with  just  as  much  diluted  sulphuric 
acid  as  is  sufficient  to  sepai-atc  the  baryta  as  the  insoluble  sulphate, 
and  the  liquid  now  contains  hyposulphuric  acid :  Ba  0,  Sj  O*  + 
H  O,  S  Oj  =  Ba  O,  a  Oj  +  H  O,  S>  0,. 

When  concentrated  by  evaporation  in  vacuo,  hyposulphuric  acid 
forms  a  syrup  liquid  of  a  very  acid  taste,  and  devoid  of  smell. 
When  heated,  it  yields  sulphurous  acid  gas,  while  sulphuric  acid 
remains,  Ss  0>  =  S  Oi  +  S  0.  lis  salts,  when  ignited,  give 
off  sulphurous  acid,  while  sulphates  remain ;  M  0,  Si  Oi  =  S  Oi 
+  M0,  SOj. 

With  bases,  this  acid  forms  salts,  roost  of  which  crystallize  with 
great  ^ility.     It  is  not  applied  to  any  useful  purpose. 

e.  Sulphuretted  Hyposulphuric  Acid.     Sa  Ot  =  83-476. 

Discovered  by  Langlcna.  When  bisulphite  of  potash  is  digested 
along  with  snlpnar  and  water,  without  boiling,  a  salt  is  gradually 

Eroduced,  which  contains  this  new  acid.  The  acid  may  be  isolated 
y  means  of  perchloric  acid,  which  removes  the  potash.  It  forms 
an  acid  liquid,  which  is  slowly  decomposed,  and  when  hea4d  i« 
resolved  into  sulphurous  acid,  sulphur,  and  sulphuric  acid  ;  for  Si 
0.  =8  0i  +S+80j.  The  theory  of  its  formation  is  not  yet 
fully  understood,  and  the  acid  itself  is  as  yet  but  little  known. 
The  salt  which  it  fonns  with  potash  crystallises  easily,  and  when 
heated  yields  sulphurous  acid,  sulphur,  and  sulphate  of  potash : 
K  0,  Si  0.  =  S  0.  +  S  +  K  O,  S  0>. 

f.  Bisulphuretted  Hyposulphuric  Acid.     St  Oi  =  104'695. 

Discovered  by  Fordos  and  Oelis.  When  iodine  is  dissolved  in 
the  solution  of  a  hyposulphite,  as  hyposulphite  of  soda  or  baryta, 
the  following  change  takes  place : 

3  (Ba  O,  8t  Ot>+ 1  =  Ba  I  +  Na  O,  S*  O5. 
Here  i  eq.  of  hyposulphite  of  baryta  and  1  eq.  of  iodine  yield  1 
eq.  of  iodide  ef  barimn  and  1  «q.  of  tho  buyta  salt  of  tM  new 
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acid.  Alcohol  dissolves  the  former,  and  leaves  the  latter  pure. 
Bj  the  cautious  addition  of  diluted  sulphuric  acid,  the  baryta  is 
precipitated,  and  the  new  acid  is  obtained  dissolved  in  water.  It 
resembles  the  two  preceding  acids,  and,  like  the  last,  it  is  resolved, 
when  heated,  into  sulphurous  acid,  sulphur,  and  sulphuric  acid, 
84  0«  =SOa  +Sa  +SO3.  Here  the  quantity  of  sulphur 
separated  is  exactly  double  of  that  yielded  by  the  acid  last 
described. 

The  salts  of  this  acid  crystallize,  and  when  heated  yield  1  eq. 
of  sulphurous  acid,  2  eqs.  of  sulphur,  and  1  eq.  of  sulphuric  acid  ; 
MO,  840,  =SOa  +  Sa+MO,  SO3. 

The  ftOowing  table  exhibits  the  composition  of  the  compounds 
of  sulpiiiur  and  oxygen  above  described,  with  their  formula,  and 
tbose  of  their  neutral  salts,  according  to  the  older  and  newer  views 
of  the  constitution  of  acids : 


Older  View. 

New  Vkw. 

1 

Addt. 

Salts. 

Adda. 

Salts. 

Sulphurous  Acid    .   .    . 
Sulphuric  Acid  .... 
Hyposulphurous  Acid    . 
Hyposulphuric  Acid  .    . 
Acid  of  Langlois    .    .    . 
Acid  of  Fordos  and  Gelis 

H  0.  8  Os 
H  0,  8  Os 
H  0,  8tOt 
H  0,  8tO* 
HO,  SsOj 
H  0,8405 

MO,  8  Os 
MO,  8  Os 
MO,  8tO« 
MO,  8«0* 
MO,  8s05 
MO,840j! 

H,S  Os 
H,  8  O4 
H,  SsOs 
H,  8tO« 
H,  SsO« 
H,  840« 

M,S  Os 
M,  8  O4 
M,  SsOs 
M,  SsOe 
M,  SsOo 
M,  840« 

Now,  when  we  reflect  that  nil  the  salts  in  the  above  table, 
although  containing  only  1  eq.  of  metal  or  of  base,  are  neutral, 
while  the  acids,  according  to  the  older  view,  and  considered  as 
oxygen  compounds,  contain  different  proportions  of  oxygen,  we 
can  hardly  hesitate  to  prefer  the  newer  view,  according  to  which 
all  true  acids  are  hydrogen  compounds,  and  their  capacity  of  satu- 
ration, or  power  of  neutralizing  bases,  depends,  not  on  the  oxygen 
they  contain,  but  on  the  amount  of  hydrosen  replaceable  by 
metals,  which,  in  all  these  acids,  is  1  equivtuent.  This  at  once 
accounts  for  the  fact  that  acids  so  different  in  composition  should 
all  form  neutral  salts  with  the  same  quantity  of  base.  The  differ- 
ence lies  in  the  compound  radicals,  which,  according  to  this  theory, 
are  united  with  hydrogen  in  the  acids,  and  the  composition  of 
which  may  vary  ad  i^nitum  without  affecting  the  neutralizing 

S>wer,  provided  the  replaceable  hydrogen  continue  unaltered.  In 
ct,  an  acid  has  been  described  by  Mgnault  in  which  1  eq.  of 
cUorine  is  added  to  the  radical  of  sulphurous  acid ;  and  another 
by  Pelouze,  in  which  1  eq.  of  hyponitrous  acid  is  added  to  the 
same  radical,  without  affecting  the  power  of  neutralization. 

If  we  take  the  radical  of  sulphurous  acid  as  the  first  member 
of  the  series,  all  the  above  acids  may  be  thus  represented 


SULPUURKITED 


Sulphurous  Acid  .   .   .  .  H  + 
Sulphuric  Acid  .... 
Hf  poaulphuroue  Acid  . 
HypoBulphurio  Acid     .  .  H  4-  (S  0: 
'    ■■    '*        ■  ■  .  H  +  {80; 


CbloroHulphuric  Acid   .   .  H4-(SOi 
NitmEulphuric  Acid  .    .      "      '"  " 


O) 

9) 

S0>) 

8  0.+S) 
Oi  +  SO»  +  S.) 
"        CI) 

NO 


Here  we  see  that  the  addition  to  the  radical  SOi,  of  oxygen,  of 
Bulphur,  of  its  own  elements  SOi,  of  the  same  with  sulphur,  of 
cbforiae,  or  of  hyponitroua  acid,  does  not  affect  the  neutralizing 
power,  that  being  dependent  on  the  amount  of  replaceaUe  hydro- 
gen, which  19  the  same  in  all. 

I  have  here  entered  into  some  detail  on  the  subject  of  the  true 
constitution  of  acids,  because  the  acid»  of  sulphur  form  an  admi- 
rable illustration  of  the  superior  simplicitj'  of  the  new  view  of 
acids  and  salts,  according  to  which,  an  acid  may  be  defined  as,  — 
A  compound  of  hydrof^n  with  a  radical,  simple  or  compound,  in 
which  the  hydrogen  may  be  replaced  by  its  equivalent  of  metal : 
while  s  salt  is,  —  A  cumbinatJon  of  a  simple  or  compound  radical 
with  a  metal :  the  different  salts  of  one  metal  corresponding  with 
the  oxides  of  the  same  metal. 

It  is  obvious  that  even  when  a  chemical  combination  or  change 
is  represented  in  a  formula  according  to  the  old  view,  as  is  the 
case  in  almost  all  existing  works,  wc  can  easily  transpose  the  form- 
ula so  as  to  express  the  new  view.  Thus,  sulphate  of  potash, 
on  the  old  view,  is  KO,  SOj  ;  on  the  new  it  is  K,  SOt  ;  or  if  we 
express  the  action  of  iron  on  sulphuric  acid,  on  the  former  view,  bj 
Fe  +  H  0.  S  Oa  =  H  -f  Fe  0.  S  0,,  it  is  more  simple  on  the  latter. 
Fe-I-H,  SO.  =H  — Fe,  SO*. 

While,  therefore,  in  order  to  avoid  confusion,  I  shall  generally 
use,  in  equations,  the  older  formula  for  acids  and  sails,  I  snail  give 
the  new  formula  for  the  priouipal  acids,  as  I  have  done  for  sul- 
phuric and  nitric  acids,  so  that  the  student  may,  if  he  please, 
convert  the  equations  into  the  new  form. 

SDLPHUK  AKO   HTOROOBN. 

a.  Sulphuretted  Hydrogen.    HS=:  17-13. 

SrN.  Hydrosulphuric  Acid. — This  comnound  Is  formed  when 
hydrogen  and  sulphur  come  in  contact  in  tlie  nascent  state.  It  is 
best  prepared  by  causing  diluted  hydrochlonc  or  sulphuric  acid  to 
act  on  sulphide  of  iron  in  the  apparatus,  p.  68,  when  sulphuretted 
hydrogen  is  disengaged  as  a  gas,  which  may  be  collected  over 
warm  water,  or  solution  of  salt.  The  action  is  as  follows  :  Fe  S  -^ 
H  CI  =  Fe  CI  +  H  S. 

Sulphuretted  hydrogen  is  a  gas,  transparent  and  colorless,  hav 
ing  a  very  offensive  and  peculiar  smell,  nhidi  is  well  known  u 
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that  of  putrid  eggs.  It  is  liquefied  by  a  pressure  of  17  atmos 
pheres.  When  respired,  even  although  much  diluted  with  air,  i*^ 
IS  highly  deleterious,  and  as  it  is  often  formed  where  animal  mat- 
ters or  excrement!  putrefy,  as  in  burying- vaults  and  cloacse,  it 
not  unfrequently  causes  the  deatli  of  workmen  who  suddenly  como 
in  contact  with  it.  The  smell  of  the  gas  ought,  in  all  cases,  to  be 
viewed  as  a  warning  of  danger.  The  presence  of  tlie  gas  may 
also  be  recognized  by  its  power  of  blackening  the  salts  of  lead, 
owing  to  the  formation  of  the  black  sulphide  of  lead. 

This  gas  is  combustible,  burning  witli  a  bluish  flame,  and  pm- 
ducing  sulphurous  acid  gas  and  water.  Its  Sp.  G.  is  M  77.  Water 
absorbs  2  or  3  times  its  volume  of  the  gas,  and  acquires  its  smell 
and  a  nauseous  sweetish  taste.  By  contact  with  the  air,  the  solu- 
tion is  gradually  decomposed ;  water  is  formed  and  sulphur 
deposited.  Sulphuretted  hydrogen  water  must,  therefore,  be  kept 
in  small  phials,  quite  full  and  closely  stopped. 

Sulphuretted  hydrogen  has  the  properties  of  a  weak  acid ;  it 
reddens  litmus  feebly,  and  acts  on  bases,  forming  with  them  water 
and  meUllic  sulphides :  H  S  +  M  O  =  H  0  +  M  S.  As  Uie 
sulphides  of  some  metals  are  soluble  while  those  of  others  are 
insoluble ;  as  moreover  the  oxides  of  some  of  the  latter  are  not 
decomposed  by  sulphuretted  hydi*ogen  when  dissolved  in  an  acid, 
the  action  of  this  gas  on  solutions  of  metnls  in  acids  affords  us 
a  great  deal  of  information,  according  as  a  precipitate  of  sul- 

Ehide  is  formed  or  not,  the  color  of  the  precipitate  being  also 
•equently  characteristic,  as  will  be  described  under  the  individ- 
ual metals :  this  renders  sulphuretted  hydrogen  a  most  useful 
re-agent  in  detecting  and  separating  from  each  other  metallic 
compounds. 

Mineral  water  exists,  as  at  Harrowgate,  which  contains  sulphur- 
etted hydrogen,  easily  recomiized  by  its  smell  and  by  the  property 
of  blackening  the  salts  of  lead,  silver,  and  several  other  metals. 
The  gas  in  these  waters  arises  from  the  slow  and  continued  putre- 
faction of  vegetable  matters  containing  sulphur,  such  as  albumen, 
fibrine,  ckc  These  sulphurous  waters  are  used  in  medicine,  both 
internally  and  externally  ^as  baths),  witli  great  advantage.  In 
many  cases  the  artificial  sulphuretted  hydroijen  water,  formed  by 
passmg  the  gas  through  water,  previously  boiled  and  allowed  to 
cool,  may  be  substituted  for  them. 

b.  Pcrsulphuretted  Hydrogen.    H  Ss  1  or  H  St  1 

This  compound  is  formed  when  alcalies,  such  as  potash  or  lime, 
J^  boiled  with  excess  of  sulphur,  and  the  solution,  which  is  of  a 
^tep  yellow  or  orange  color,  is  poured  into  a  large  excess  of  mod- 
erately strong  hydrochloric  acid,  made  by  mixing  equal  parts  of 
concentrated  acid  and  water.    A  heavy,  somewhat  viscid,  transpa- 
rent, yellowish  liquid  falls  to  the  bottom,  which  is  the  compdinil 
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in  question.  The  precise  nature  of  all  the  changes  wliich  take 
place  in  this  process  is  not  known  ;  but  it  is  probable  that  a  per- 
sulphide  of  the  metal  is  formed  in  the  first  sla^e,  such  as  persul- 
phide  of  potassium  K  Si  ;  and  that  a  hyposulphite  is  generated  at 
the  stiae  time,  possibly  according  to  the  formula  3  KO  +  Su^ 
KO,  Si  Oi +2KS].  In  the  second  st^e,' we  have  probably 
K  8(  +  H  CI  =  K  CI  +  H  Si  .  But  as  the  composidon  of  persnt- 
phnretted  hydrogen  is  not  precisely  determined,  and  as  the  persul- 
phide  appears  to  dissolve  an  excess  of  sulphur,  we  cannot  be 
oertain  that  this  is  the  true  explanatJon.  Th6nsrd  considers 
persulphuretted  hydrogen  HSi,  and  to  be  analogous  to  the  perox- 
ide of  hydrogen  H8>.  But  his  own  analysis  always  gave  far  more 
salpbur  than  corresponds  to  his  formula,  and  the  analogy  he 
pointed  ont  is  very  obscure  and  doubtful. 

Persnlphuretted  hydrogen  soon  undergoes  spontaneous  decom- 
position, even  if  kept  in  sealed  tubes,  resolving  itself  into  sulphur 
and  sulphuretted  hydrogen.  In  a  strong  scal^  tube,  the  sulphur- 
etted hydrogen,  by  its  own  pressure,  is  liquefied,  and  floats  above 
the  sulphur,  whicQ  is  deposited  in  transparent  crystals.  Persul- 
phuretted hydrogen  seems  to  have  feeble  acid  properties.  In 
contact  with  alcalies,  it  reproduces  water  and  the  metallio  persnl- 
phuret    HSi+KO=HO  +  KSi. 


Sulphideof  Nitn^n.*  N  8s  =SS-61. 
When  chloride  of  sulphur,  S  01,  acts  on  dry  ammonia,  N  Hi, 
a  compound  is  formed,  S  01,  3  X  Hi.  By  the  action  of  water  on 
this  there  is  formed,  among  other  products,  a  greenish  yellow 
solid  body,  which  is  sulphide  of  nitrogen  NSa.  By  contact 
with  water,  it  is  gradually  converted  into  hyposulphurous  acid 
and  ammonia  i    for   8  N  Sj  -(-  6  H  0  =  2  N  Hs  +  3  Sa  0..— 

When  aqua  ammonia  acts  on  chloride  of  sulphur,  a  variety  of 
products  are  formed,  among  which  is  one,  a  white  crystallJEable 
solid,  soluble  id  alcohol,  which  appears  to  consist  chiefly  of  sulphur 
and  nitrogen.  Its  nature  is  not  yet  ascertained,  but  it  is  dis- 
tingnished  by  the  property  of  dissolving  in  an  alcoholic  solution 
of  potash  widi  a  deep  purple  color,  which  soon  disappears,  while 
ammonia  is  given  off;  and  crystals  of  hyposulphide  of  potash  are 
deposited.  — (TT.  0.) 

'  Aa  the  eompaandi  o(  the  naD-melallle  elemeDla  With  bowi  tennlDala  la 
idt.  It  bM  lately  become  the  ciutom  to  give  the  compoundB  of  ulphur  tt 
aD*lo^aa  termiuaUau  i  thaiefore,  luiphureti  are  DOW  termed  ndjUda.  CU'  ' 
bnteti,  vhers  It  is  nBcesrary,  mietit  *1k>  be  called  carbidet,  phocphureti, 
pitoiflridii,  Klenlureti,  MfanurUu,  &^.  French  cbemlata.  In  panicular,  have 
pretiv  geaenlly  adopted  tbs  new  DDmenolatara.  Soma  of  tbe  Bnt  Ed|IU 
■nd  AaeTlcaii  cbemlaH  have  also  adoptad  IL  .    8. 
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SULPHUR  AND  AMMONIA. 

a.  Protosulphide  of  Ammonium.    N  H4 ,  S  =  Am  S  =  34*37. 

8rN.  Hydrondphide  of  Ammonia.  —  This  compound  is  fonned 
when  1  vol.  of  dry  ammoniacal  gas  is  mixed  with  4  rok^f  sul- 
phuretted hydrogen,  N  Hs  +  H  S  =  N  H4 ,  S.  It  is  best  obtained 
oy  dbtilling  a  mixture  of  chloride  of  ammonium  (sal  ammoniac) 
and  sulphide  of  barium,  or  of  calcium.  BaS+I>l'H4,  CIssBa 
CI  +  N  H«,  S.  It  forms  colorless  crystals,  which  are  volatile,  and 
dissolve  readily  in  water.  The  solution  becomes  yellow  by  the 
gradual  action  of  the  atmospheric  oxygen  ;  it  smells  of  sulphuret- 
ted hydrogen  and  ammonia :  and  in  fact  this  solution  may  be  more 
conveniently  prepared  by  taking  two  equal  portions  of  aqua 
ammonise,  and  saturating  one  of  diem  completely  with  sulphuretted 
hydrogen.  This  produces,  6rst,  sulphide  of  ammonium,  and  then 
a  compound  of  that  body  with  sulphuretted  hydrogen,  N  H4,  S  + 
H  S.  The  other  half  of  the  aqua  ammoniae  is  then  added,  and  we 
have(NH4,S  +  HS)  +  NH3  =  2(NH4,S). 

Sulphide  of  ammonium,  or  hydrosulphuret  of  ammonia,  as  it 
18  called,  is  very  much  used  as  a  test  and  re-agent  in  detecting  and 
separating  metals.  It  converts  into  sulphides  many  oxides  on 
which  sulphuretted  hydrogen  does  not  act,  and  it  also  dissolves 
many  metallic  sulphides. 

The  compound  above  mentioned,  which  is  formed  when  ammo- 
nia is  completely  saturated  with  sulphuretted  hydrogen,  N  H4,  S 
+  H  S,  possesses  very  nearly  the  same  properties,  and  may  be 
used  for  the  same  purposes.  It  may  be  called  the  hydrosulphide 
of  sulphide  of  ammonium. 

Boto  the  preceding  compounds,  when  pure,  are  colorless  ;  and 
their  solution,  mixed  with  acids,  gives  oQ  sulphuretted  hydrogen, 
without  the  deposition  of  sulphur.  By  keeping,  however,  wey 
become  yellow,  and  acids  cause  a  precipitation  of  sulphur.  This 
is  owing  to  the  formation  of  persulphide  of  ammonium. 

b.  Persulphide  of  Ammonium. 

This  compound  is  formed  when  either  of  the  preceding  is  digested 
with  sulphur.  There  seem  to  be  several  sulphides  of  ammonium, 
as  of  potassium,  (which  see),  containing  from  2  to  5  eqs.  sulphur. 
When  N  H4 ,  S  is  exposed  to  the  lur,  we  may  suppose  the  ammo- 
nium of  1  eq.  to  be  oxidized  (as  is  the  case  with  potassium)  and  to 
be  converted  into  free  ammonia,  NH4,  0=  NH3,  H  0,  while  the 
ulphur  of  that  equivalent  unites  with  the  other,  forming  N  H4 , 
b .  When  the  compound  N  H4 ,  S,  +  H  S  is  exposed  to  the  air, 
it  is  the  hydrogen  of  the  sulphuretted  hydrogen  which  is  oxidized, 
while  its  sulphnr  forms  the  bisulphide  of  ammonium.  When 
sulphur  is  digested  with  either  of  the  prececjing  compounds,  dif- 
ferent persulphides  of  ammonium  are  probably  formed ;  and  where 
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the  sulphur  ia  in  excess,  it  yields,  in  nl]  probability,  the  compound 
N  Hi  ,  Si ,  annlogouB  to  persulpbide  of  potassium,  K  8i . 

All  the  yelW  sulpbides  of  ammonium  have  the  same  uBeful 
properties  as  tl)e  protoxulphide  in  relation  to  tnetailie  compounds, 
and  10016  of  them  dissolve  certain  metallic  sulphides  still  more 
nMtfily,  The  persulpbide  of  ammonium  or  sulphurttted  hydro- 
■ul)>hide  of  ammonia,  as  it  is  Eometimes  called,  is,  therefore,  very 
much  used  in  analysis.  It  is  distinguished  from  the  protosolphide 
.bf  the  action  of  acids,  which  cause  a  precipitate  of  sulphur,  and 
ijby  its  yellow  or  orange  color.  The  solution  of  protosulphide  of 
-''ammonium,  when  kept,  becomes  gradually  yellow,  from  the  form- 
ation of  persulphiJc  ;  so  that,  in  fact,  the  latter  is  always  present 
in  the  usual  forma  of  this  valuable  re-agent. 

Sulphide  of  nmmonium,  under  the  name  of  hydrosulphide  of 
ammonia,  isnted  in  medicine.  It  ought  to  be  given  alone,  in  pnre 
irater,  as  it  is  decomposed  by  most  acids  or  salts.  The  peraulpnide 
has  long  been  known  as  Boyle's  fuming  liquor,  which  was  obtained 
by  distilling  3  parts  of  slaked  lime,  2  of  sal-ammoniac,  and  1  of 
sulphur,  into  a  receiver  containing  3  parts  of  water.  Thus  pre- 
,  pared,  it  was  an  orange-colored  liquid,  of  oily  consistence,  fuming 
m  the  air,  and  having  a  very  offensive  sulphurous  smell.  This 
preparation,  however,  contains  variable  proportions  of  free 
ammonia. 


a.  Dicbloride  of  Sulphur.     Si  01^:67-71. 

Formed  when  chlorine  is  passed  through  a  veMel  containing 
flowers  of  sulphur,  until  nearly  the  whole  sulphur  has  disappeared. 
The  liquid  formed  is  then  purified  by  distillation.  It  is  a  reddish 
hrown,  fuming,  pungent  liquid,  boiling  at  280°.  The  6p.  O.  of 
the  liquid  ia  1687  ;  that  of  tho  vapor  is  4-70.  It  is  decomposed 
by  water,  yielding  hydrochloric  acid,  hyposniphurons  acid,  and 
sulphur. 

b.  ProtoehloHde  of  Sulphur.    SCIs^SrOS. 

When  an  excess  of  chlorine  is  passed  through  tho  preceding 
compound,  and  the  liquid  is  repeatedly  distilled  at  about  140°,  the 
protochloride  is  obtained  pnre.  It  b  a  deep  reddish  hrown  liquid, 
which  boils  at  147°.  Its  Sp.  Q.  is  I  62 ;  that  of  its  vapor,  3-68. 
When  acted  on  by  water,  it  yields  hydrochloric  acid  and  hyposnl- 
phurous  acids,  the  latter  being  soon  spontaneously  decomposed, 
tSa  +  8H0  =  2HC14-6»0.. 


Bromine  combines  readily  with  mlpfaur,  and  prodnc 
KMmda  analogona  to  the  preoedlng. 
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When  ]  part  of  sulphur  and  8  of  iodine  ar«  nized  and  gently 
heated,  they  immediately  combine  and  liquefy.  On  cooling,  the 
Hquid,  trhich  is  dark  brown,  consolidates  into  a  black  crnuilline 
solid,  which  is  the  iodide  of  sulphur.  It  must  be  kept  m  veil- 
closed  bottles,  as  it  ia  destroyed  by  the  access  of  air,  iodine  being 
given  off.  Its  comj>osttion  is  probably  S  I.  It  is  used  ia  medidne 
u  a  remedy  in  vanoua  cutaneous  diseases. 

No  compound  of  sulphur  and  fluorine  is  yet  known. 
9.  SELZHcnH.    Se  =  396. 

This  element  occurs  in  very  small  quantity,  chiefly  in  certain 
varieties  of  pyrites,  the  sulphnr  from  which,  when  conrerted  into 
sulphuric  acid,  leaves  in  the  chambers  a  deposit,  consisting  of  sul- 
phur, selenium,  and  some  metals;  and  from  this  the  selenium  is 
obtained.  Some  kinds  of  fuming  sulphuric  acid  contains  a  little 
■elenium,  which  separates  on  the  addition  of  water  as  a  red  pow- 
der. Different  processes  are  employed  for  extracting  selenium 
from  the  deposit  above  mentioned ;  but  the  essential  parts  are, 
ozidiiing  and  dissolving  the  selenium  by  means  of  aqua  regia, 
separating  the  dissolved  metals  by  sulphuretted  hydrogen,  £c., 
and  finally  deoxidizing  the  selcnious  acid  by  means  of  sulphite  of 
ammonia  and  hydrochloric  acid. 

When  precipitated,  selenium  appears  as  a  red  powder,  which, 
when  heated,  mells,  and  on  cooling  forms  a  brittle  mass,  nearly 
black,  but  transmitting  red  light  in  thin  plates.  When  more 
strongly  healed  it  volatiliEee,  yielding  a  yellow  gas,  which  con- 
denses into  a  crystalline  dork  red  ponder  on  a  cold  surface. 

Selenium  is  extremely  analogous  to  sulphur,  except  in  color ; 
and  this  analogy  is  still  more  striking  in  its  combinations.  When 
heated  in  the  air,  it  takes  fire,  bums  with  a  blue  flame,  and  pro- 
duces a  gaseous  compound,  oxide  of  selenium,  8e  O,  which  has  a 
most  penetrating  and  characteristic  odor  of  putrid  horse-radish. 
By  this  character  selenium  is  eanly  recogniied  in  minerals  con- 
taining it,  before  the  blowpipe. 

BBLXNIUM    AND    OXrOKK. 

These  elements  combine  in  three  proportions : 

a.  Oxide  of  Selenium.     Be  0=3:47-618. 
This  compound  haa  been  already  menlioned.    It  is  formed  when 
■elenium  bums,  and  is  gaseous ;  it  is  not  Mid,  and  haa  no  analogy 
with  any  of  the  oxides  of  sulphur. 

b.  BelenJoQs  Acid.     BeO*  ib6S'696. 

This  add  is  formed  when  seletiinm  !■  disKdved  in  uitrio  add, 

and  the  solution  evaporated  to  dryneia.    It  ii  a  wUd  whloh,  whni 
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heated,  is  MCVirkd  inlo  a  jetlow  gaa,  condensing  again  into 
acicular  orjttalL  It  is  very  soluble  in  waUr,  and  has  an  acid 
tute.  In  composition  it  corresponds  to  sulphurous  acid.  This 
latter  acid  and  its  salts  deprive  scleniuus  acid  nnd  its  enlts  of 
ox^g«ii,  causing  selenium  to  be  deposited  in  the  uucombined  state. 

\"     c.  Selenic  Acid.     H  0,  Se  Os  =  H,  8e  0.  =  72(i6a. 

This  acid  is  fonned  wlien  selenium  is  oxidized  by  fusion  with 
nitre.  The  fused  mass  is  dissolved  in  water,  and  the  selenic  acid 
precipitated  as  seteniat«  of  lead  by  adding  a  Golt  of  lead.  The 
aeleniate  of  lead  is  decomposed  by  sulphuretted  hydrogen,  and 
the  filtered  solution  of  selenic  acid  cautiDusly  evaporated  till  it  has 
the  Sp.  Q.  2  625.  It  is  now  hydrated  selenic  acid,  H  0,  Se  Oz. 
or  rather  H,  Se  Ot.     It  is  very  acid  and  corrosive,  and  resembles 


sulphuric  acid  very  much.  It  may  he  recognized  by  the 
hydrochloric  acid,  which  reduces  it  to  selenious  acid,  chlorine  being 
■et  &ee.  Selenic  acid  is  not  decomposed  by  sulphurous  acid  (sa 
Belenious  acid  is),  or  by  sulphuretted  hydrogen.  It  produces 
intense  heat  when  mixed  with  water. 

With  bases,  for  which  it  has  ^eat. affinity,  selenic  acid  forms 
(alts,  called  seleniates,  which  are  isomorpbous  with  the  correspond- 
ing sulphates,  and  entirely  resemble  them  in  external  characters. 


Seleniuretted  Hydrogen.    H  Se  =  40-6. 

Stk.  Sydroulenic  Acid.  —  This  compound  is  ohtaioed,  like  sul- 
phuretted hydrogen,  which  it  much  resembles,  by  the  action  of 
acids  on  metallic  seleniurides.     M  8e  +  H  CI  =  M  01  +  H  Se. 

It  is  a  colorless  gas,  which  is  combustible,  and  when  burned 

Sires  off  the  characteristic  odor  of  oxide  of  selenium.  Seleniuretted 
ydrogen  itself  has  a  smell  resembling  that  of  sulphuretted  hydro- 
gen, and  when  respired  is  even  more  poisonous  than  that  gas.  A 
■mall  bubble  of  it  produces  much  and  painful  irritation  of  the 
mucous  membrane  of  the  nose  and  eyes ;  and  if  it  reaches  the 
bronchi,  eicites  severe  cough,  in  addition  to  its  poisonous  action 
if  absorbed  into  the  blood.  The  presence  of  a  small  quantity  of 
it  in  sulphuretted  hydrogen  seems  to  exalt  the  poisonous  energy  of 
the  latter.  Like  sulphuretted  hydrogen,  this  ^bb  is  absorbed  by 
water,  and  precipitates  most  metallic  solutions,  yielding  seleniurides 
eoTTesponding  to  the  respective  oxides.  Most  of  these  seleniurides 
are  black  or  dark  brown ;  hut  those  of  zinc,  manganese,  and 
cerium,  are  flesh  red. 

Nothing  is  known  of  the  compounds  of  selenium  with  nitrc^n. 
Widi  ammonia  it  is  probable  that  seleniuretted  hydrogen  forma 
aeleniuride  of  ammonium,  N  Ht ,  Se,  and  bydroseleniuride  of  aele- 
nintide  of  ammoDiiun,  NU*,  8e  +  HSe. — (fnwoM.) 
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Chloride  of  Mleninm  appears  to  be  nnHlogooa  lo  chloride  of 
■nlphor  ;  and  the  same  may  be  said  o(  ihu  branids  rad  iodide. 
10.  Pborfhorits.    P  =  31-I4. 

TbU  element  occurs  abundantly  in  the  banes  of  aoimalit  in 
combinalioD  iriili  oxygen  and  metals,  as  phosphate  of  lime,  phos- 

C'  'e  of  majfoesia,  ice.  It  is  also  an  ingredient  io  some  unknotrn 
of  combination,  of  vegetable  and  aDiiaal  fibrine  and  albnmen, 
ind  is  constantly  present  in  the  nrine  and  excrements.  In  the 
mineral  kingdom  it  occurs  as  phosphate  of  lime  (apatite),  phos- 
phate of  alumina  (wavellite),  pbosphatea  of  lead,  copper,  &c. 

To  obtain  phosphorus  pare,  10  parts  of  bnrat  bones  are  mixed 
with  30  or  40  parts  of  water,  and  6  parts  of  oil  of  vitriol  gradn- 
mUj  added.  After  84  hours,  fiO  or  60  parts  of  water  are  added  to 
the  mixture,  and  the  whole  well  stirred  and  digested  for  a  day  or 
two.  The  strained  liquid  is  evaporated  to  the  consistence  of  thick 
•yrup,  and  is  then  acid  phosphate  of  lime.  It  is  now  mixed  with 
f  of  lU  weight  of  powdered  charcoal,  dried  up,  and  gently  ignited. 
The  mass  is  then  gradually  heat- 
ed to  whiteness  in  a  stoneware  or 
iron  retort,  the  neck  of  which 
ends  in  a  wide  bent  tube,  which 
dips  a  little  under  water.  Half 
of  the  phosphoric  acid  in  the  acid 
phoBpbate  of  lime  is  deoxidized 
by  the  charcoal,  and  phosphorus 
is  set  free,  which  distils  over 
and  condenses  under  the  water. 
Owing  to  the  presence  of  water 
in  the  mass,  port  of  the  phos- 
phorus is  disengaged  in  combi- 
nation with  hydrogen,  forming  a 
qpontaneouslT  combustible  gas.  Care  must  therefore  be  taken  to 
•T(ttd  explosions.  The  action  of  the  charcoal  on  the  phosphoric 
■eld  ii  thus  represented:  PO.  +  C.  =6C0  +  P.  Carbonio 
Oiide  gas,  C  0,  is  therefore  disengaged  in  large  quantity. 

The  phosphorus  is  now  to  be  melted  under  water,  and  squeezed 
through  chamois  leather,  which  separates  impurities.  It  is  lastly 
melted  under  water,  in  funnels  with  long  cylindrical  necks,  stopped 
bolow.  Into  the  necks  of  the  funnels  the  phosphorus  runs,  and 
when  cold  may  be  pushed  out  in  the  form  of  solid  cylinders. 

Pure  phosphorus  Is  a  colorless,  or  very  pale,  yellowish,  trans- 
parent, or  translucent  solid,  of  the  consistence  of  wax.  Its  Sp.  G. 
ii  1-77.  At  113°  it  melts,  and  at  6TS°  it  boils,  distilling  com- 
pletely in  close  vessels.  It  has,  in  the  solid  form,  neither  taste 
nor  amell ;  but  it  gives  eff  vapors  io  the  air,  which  undergoing  » 
^ow  combuatWDi  ntve  m  odor  of  gvlio ;  and  in  soliuim  it  hu  u 
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acrid  dissgrewblo  taste.  Pboipliorns  is  insoluble  in  water ;  solu- 
ble in  alcohpl,  ether,  oils,  Bulpbide  of  carbon,  and  chloride  of 
pbosphoms.  From  the  lEitler  liquids  it  is  often  deposited  in  octo- 
nedral  and  dodecabedral  crystals.  It  is  very  poisonous,  but  is 
n^d  in  medicine  in  very  small  doses. 

When  kept  in  Tessels  exposed  to  light,  pbosphorua  becomes 
yellow,  or  even  brown,  externally,  owing  to  some  unexplained 
change.  It  must  always  be  kept  under  water,  and  never  taVen 
into  ^e  Cngers,  for  it  is  so  combustible  as  occasionally  to  take  fire 
from  contact  with  the  warm  hand,  where,  as  it  melta  aod  continues 
to  bum,  it  inflicts  frightful  injuries. 

Wlien  heated  in  air,  phosphorus  takes  fire,  and  bums  with  a 
bright  light,  producing  mucK  white  smoke,  which  is  anhydrous 
phosphorous  acid,  P  Os.  When  heated  in  oxygen,  it  bums  with 
a  light  so  dazEling  that  the  eye  cannot  endure  it.  In  contact  with 
chlorine,  bromine,  or  iodine,  without  the  aid  of  heat,  combustion 
takes  place  spontancouly,  while  the  phosphorus  combines  with 
these  metalloids. 


Phosphorus  combines  very  readily  with  oxygen.  Even  at  the 
ordinary  temperature  it  undergoes  a  alow  combustion  in  air,  giving 
ont  vapors  which  are  luminous  in  the  dark.  It  frequently  bappens 
that  the  beat  developed  by  this  slow  combustion  grndnally  reachea 
tiie  point  at  which  the  phosphorus  takes  fire  :  hence  the  sponla- 
neoQs  combustion  of  phosphorus,  if  left  exposed  to  the  ur,  and  the 
necessity  of  keeping  it  under  water.  Many  powders,  such  u 
powder  of  platinum,  charcoal,  lamp-black,  Ac.,  when  spriukled 
on  dry  phosphoms,  canse  it  to  tt^e  fire  ;  no  doubt  because  these 
powders  absorb  and  condense  oxygen  in  their  pores,  and  Ibna 
bring  it  into  close  contact  with  the  phoeporna. 

Many  different  kinds  of  instantaneous  lights  are  made  with 
phosphorus,  owing  to  its  ready  combustibility  by  friction,  espe- 
cially when  chlorate  of  potash  is  used. 

We  are  acquainted  with  four  compounds  of  phosphorus  and 
oxygen. 

a.  Oxide  of  Phosphonii.    Ps  Oi  =  86'3S. 

This  oxide  is  obtdned  by  causing  a  current  of  oxygen  to  come 
in  contact  with  phosphorus  under  boiling  water.  Combustion 
takes  place,  and  some  phosphoric  acid  is  formed  ;  but  a  part  of 
the  phosphorus  forms  an  insoluble  cinnabar  red  powder,  which  is 
oxide  of  phosphorus,  Pj  0. 

It  bums,  if  heated  nearly  to  redness,  in  the  air :  if  healed  in 
close  vessels,  it  is  resolved  into  phosphorous  and  phosphoric  acid, 
fiPsOi  =2P0i +P».  It  is  oxidiced  with  cconbuitirai  by 
nitno  and,  and  takes  fire  in  chlorine  gaa. 
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b.  HypophosporouB  Acid.     P  O  ==  65.14. 

In  the  separate,  or  hjdrated  state,  P  0,  3  HO,  or  P  04,  Hs. 
This  acid  is  formed  when  phosphides  of  the  alcaline  metals  act  on 
water,  or  when  phosphorus  is  boiled  with  alcalies  and  water, 
phosphoric  acid  and  pnosphuretted  hydrogen  gas  being  formed  at 
the  same  time.  The  two  acids  combine  with  the  base ;  and  if 
this  he  lime  or  baryta,  the  hypophosphite  being  soluble,  is  easily 
separated  from  the  insoluble  pnosphate.  From  the  hypophosphite 
of  baryta,  sulphuric  acid  removes  the  baryta,  and  the  hypophos- 
phorous  acid  is  left,  dissolved  in  water.  By  gentle  evaporation  it 
may  be  obtained  as  a  deliquescent  crystalline  mass,  which  is  the 
hydrated  acid. 

When  heated  in  close  vessels,  this  acid  is  resolved  into  phos- 
phuretted  hydrogen  gas  and  Dhosphoric  acid.  Thus :  2  (P  0, 
3  H  O)  =  P  Ha  4-  P  0« ,  3  H  0.  It  is  a  powerful  deoxidizing 
agent,  taking  oxygen  from  many  other  substances,  and  passing 
into  phosphoric  acid.  With  bases  it  forms  salts  called  hypophos- 
phites,  which  are  all  soluble  in  water,  and  which,  when  neated, 
are  resolved  into  phosphates  and  phosphuretted  hydrogen. 

c.  Phosphorous  Acid. 

In  the  anhydrous  state,  P  Os  ;  in  the  separate,  or  hydrated, 
state,  (the  crjrstals,)  P  O3,  3  H  0,  or  P  0«,  Ha. 

This  acid  is  formed,  idong  with  phosphoric  acid,  during  the 
•low  combustion  of  phosporus  in  air.  It  is  best  obtained  pure 
by  acting  on  the  sesquicnloride  of  phosphorus,  P  CI3,  by  water. 
P  CU  +  6  H  0  =  3  H  CI  +  P  O3,  3  H  0.  The  hydrochloric  acid 
is  easily  expelled  by  a  gentle  heat,  and  the  aqueous  solution  of 
phosphorous  acid,  if  sufficiently  evaporated,  yields  a  mass  com- 
posed of  deliquescent  crystals.     This  is  the  hydrated  acid. 

This  acid,  like  the  precedins^,  is  a  powerful  deoxidizing  agent 
When  heated  in  close  vessels,  the  anhydrous  acid,  obtained  by  the 
combustion  of  phosphorus  in  rare6ed  air,  yields  phosphorus,  and 
anhydrous  and  phosphoric  acid,  6PO3,  =  3P0f  +Pi.  The 
hydrated  acid,  in  the  same  circumstances,  yields  hydrated  phos- 
phoric acid  and  phosphuretted  hydrogen  gas,  4(P03,  3H0)  = 
3(P03,3H0)  +  Pn3. 

With  bases  phosphorous  acid  forms  salts,  which  are  called 
phosphites  ;  and  the  general  formula  of  the  neutral  phosphites  is, 
PO3.  3M0,  orPOe,  M3. 

d.  Phosphoric  Acid. 

1.  Anhydrous  Phosphoric  Acid.     P  Os  =  71*465. 

This  compound  is  formed  only  when  phosphorus  is  burned  in 
dry  air  or  oxygen  gas.  It  then  appears  ns  a  Vhite  solid,  like 
snow,  which  rapidly  attracts  moisture  from  the  air,  and 
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into  metaphoflphoric  acid,  POi,HO,  orPOt.H;  and  thU  again 
toon  changes,  in  contact  wilJb  water,  especialljr  if  heated  into  com- 
mon or  hydrated  phosphoric  acid,  POi,  3H0,  or  POi,  Hj. 
The  anhydrona  phosphoric  acid,  like  the  anbydrooa  sulphuric  acid, 
can  hardly  be  said  to  be  an  acid  body,  bs  it  does  not  exhibit  acid 
properties  until  it  has  been  brought  into  contact  iritk  water. 
S.  Hydrated  Phosphoric  Acid. 
There  are  three  different  acids  to  which  this  name  may  be 

S'ven.  If  we  view  them  as  compounds  containing  water,  then 
ey  all  contain  anhydrous  phosphoric  acid,  combined  in  eaeh  with 
a  different  proportion  of  water,  and  their  formulse  will  be  P  Oi, 
HO;  P0(,  2H0;  andPO*.  3H0.  If,  on  the  other  hand, 
we  view  tbem  as  hydrogen  acids,  then  they  craitain  no  anhydrous 
phosphoric  acid,  bat  are  qnite  distinct  compounds,  and  their 
fonnnlte  will  be  aa  follows :  POt,  U;PO,,  H>;BndPO.,  H,. 
The  latter  view  is  much  more  probable,  and  agrees  better  with 
the  properties  and  composition  of  these  acids,  and  of  their  soils. 
The  first  is  called  metapnospboric  acid,  the  second  pyrophoapfaoric 
acid,  and  the  third  common  phosphoric  acid ;  or  the^  may  be  still 
better  designated  as  monobasic,  bibasic,  and  tribasic  phosphoric 
acids. 

MKTAPHOSPHOMC,  OK    HOKOBASIC   PHOBPnOBIO   ACID. 

PO,,HO,orPO„H=  80-478. 

This  acid  is  easily  obtained  by  dissolving  phosphorus  in  diluted 
nitric  acid  with  the  aid  of  faeat,  evaporating  to  a  syrup,  and  ex- 
posing the  residue  to  a  red-heat  in  a  platinum  crucible.  Or  the 
aolntion  of  the  anhydrous  acid  may  be  treated  in  the  same  man- 
ner ;  or  phosphate  of  ammonia  may  be  ignited  in  a  platinum  cru- 
cible. When  phosphoric  acid  hns  once  come  in  contact  with 
water,  it  can  never  be  rendered  onhydroua  by  beat;  it  can  only 
be  reduced  to  the  state  of  monobasic  acid. 

As  thus  obtained,  it  appears  in  the  shape  of  a  colorless  and 
transparent  glass,  which  slowly  dissolves  in  water.  It  is  hence 
called  glacial  phosphoric  acid.  Its  solution  causes  in  solutions  of 
Klver  a  white  granular  precipitate  of  monobasic  phosphate  of  sil- 
ver ;  it  also  coa^ates  albumen.  But  if  long  kept,  or  if  very 
rapidly  boiled,  this  solution  passes  into  one  of  tribasic  phoephoric 
acid,  and  no  longer  precipitates  silver  or  coagulates  albumen. 
Here  2  eqs.  of  water  enter  into  the  composition  of  the  acid  :  F  Oi, 
HO-f  SH0=P0..3H0. 

With  bases  this  acid  forms  one  series  of  salts,  the  manobasic 
phosphates,  the  general  formula  of  which  is,  P  0*,  M  O,  or 
P  Oi,  M.  In  these,  the  hydrogen  of  the  acid  is  replaced  by  its 
equivalent  of  metal.  The  precipitate  caused  by  the  acid  in  soln- 
lioDa  of  ailTST  ia  ona  of  these  •afta :  POi,  Ag  O. 
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PTROPHOSPfiORIO,   OR  BIBA8IC   PHOSPHORIC  ACID. 

P  0«,  2  H  O,  or  P  O7,  Ha  =  89-491. 

When  common  or  tribasic  phosphoric  acid,  POa,  SHO,  is 
heated  for  some  time  to  417®,  it  loses  one-third  of  the  water  it 
contains,  and  becomes  bibasic,  or  pyrophosphoric  acid.  It  appears 
as  a  viscid  syrup,  very  acid  and  very  soluble  in  water.  Its  solu- 
tion neither  precipitates  silver  nor  coagulates  albumen ;  but  if 
Sreviously  neutralized  by  ammonia,  it  causes  in  salts  of  silver  a 
aky  white  precipitate  of  bibasic  phosphate  of  silver,  P  0«,  2  Ag  O. 
The  solution  of  this  acid,  like  that  of  the  preceding,  soon  passes 
into  tribasic  acid,  especially  if  heated. 

With  bases  it  forms  two  series  of  salts,  one  containing  2  eqs.  of 
base,  the  other  1  eq.  of  base,  and  1  of  water.  The  former  are 
neutral,  and  have  the  general  formula,  P  Os,  2  M  0 :  the  latter 
are  acid,  and  their  formula  is,  P  O5,  M  0,  H  O.  This  acid  is 
much  more  easily  obtained  in  combination  with  a  base  than  in  the 
free  state,  and  in  fact  it  was  discovered  in  the  salt  obtained  by 
iffniting  the  common  phosphate  of  soda,  when  there  is  left  pyro- 
poosphate  or  bibasic  phosphate  of  soda,  P  Oa,  2  Na  O. 

When  a  pyrophosphate  is  melted  with  excess  of  base,  it  b  con- 
verted into  a  tribasic  phosphate.  Thus,  if  pyropho-sphate  of  soda  be 
fused  with  an  additional  equivalent  of  soda,  the  tribasic  salt,  P  O5, 
3  Na  O,  is  formed,  which  no  longer  contains  pyrophosphoric  acid. 

COMMON,    OR  TRIBASIC   PHOSPHORIC   ACID. 

P  0*,  3  H  O ;  or  P  Oi  Hs  =  98-604. 

When  a  solution  of  any  of  the  preceding  acids  is  evaporated  by 
a  moderate  heat  to  the  consistence  of  syrup,  the  residue  is  found 
to  be  the  tribasic  acid,  P  Os,  3  H  0.  Heated  for  a  long  time  to 
417®,  it  loses  1  eq.  water  and  becomes  bibasic;  heated  to  redness, 
it  gives  off  2  eqs.  water,  and  becomes  monobasic.  A  diluted  solu- 
tion of  either  of  these  gradually  becomes  tribasic,  and  this  change 
is  very  rapidly  eflfected  by  boiling.  Solution  of  common  phos- 
phoric acid  neither  precipitates  silver  nor  coagulates  albumen ;  but 
if  neutralized  by  ammonia,  it  causes  in  salts  of  silver  a  pale  yellow 
precipitate  of  tribasic  phosphate  of  silver,  P  Os,  3  AgO. 

The  most  economical  method  of  preparing  phosphoric  acid  is  to 
add  to  the  syrupy  superphosphate,  or  acid  phosphate  of  lime, 
previously  described,  oil  of  vitriol  as  long  as  it  causes  a  precipita- 
tion of  sulphate  of  lime.  The  mixture  becomes  quite  thick,  and 
is  to  be  diluted  with  water,  filtered,  again  concentrated  to  a  syrup, 
and  again  tested  by  adding  a  few  drops  of  oil  of  vitriol.  When 
no  more  sulphate  of  lime  is  formed,  the  solution  is  free  from  lime, 
but  still  contains  phosphate  of  magnesia.  It  is  to  be  evaporated 
and  gradually  heated  to  redness  in  a  platinum  vessel,  by  which 
means  all  the  ezeess  of  sulphuric  acid  is  expelled,  and  a  glass  is 
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left.  To  separate  the  ma^esia,  this  gists  is  to  he  dissolved  in 
vann  water,  snd  the  solution  evaporated  in  a  pUtinotn  dish  till  its 
temprretuTe  renchea  600°  F..  and  phosphoric  acid  be^na  to  be 
eipelted  along;  frith  the  water.  At  this  point  the  thick  viscid  mass 
becomes  turbid,  from  the  separation  of  insolnble  phosphate  of 
muveaia  ;  nnd  if  the  snme  temperature  is  kept  up  for  a  quarter  or 
half  an  hour,  the  whole  of  the  magnesia  assutnea  the  insoluble 
form.  Water  being  now  added,  the  pure  phosphoric  acid  dis- 
Mhes,  the  insoluble  phosphate  of  m^iiesia  is  separated  by  BItra- 
tkiD,  and  the  filtered  liquid  is  a  pure  solution  of  phosphoric  acid. 
It  is  now  evaporated  and  once  more  gently  ignited  in  a  covered 
platinum  vessel.  Pure  monobasic  phosphoric  acid  is  left.  It  is 
noir  dissolved  in  hot  water,  and  becomes  tribasic  acid,  the  form 
asually  employed,  ns  it  is  tlie  most  permanent.  Like  the  other 
phosphoric  acids,  it  is  very  acid,  but  not  corrosive.  It  is  occa- 
■ionally  used  in  medicine. 

Wi'h  bases,  common  phosphoric  acid  forms  three  series  of  salts, 
in  which  the  3  equivalents  oi  water  in  the  acid  are  wholly  or  par- 
tially replaced  by  metallic  oxides.  Thus,  with  soda  it  forms  three 
Milts;  1st,  neutral  phosphate,  POj,  SNaO;  2nd,  common  phos- 
phate of  soda,  P  O] ,  2  Na  0.  H  O  ;  3rd,  acid  phosphate  of  soda, 
FOt,  NaO,  2H0.  In  each  of  these  salU  thern  are  3  eqs.  of 
base,  but  these  may  be  either  all  soda,  or  partly  soda  and  parUy 
basic  water.  A)l  tbrce  salts  give  with  the  salts  of  silver  the  same 
yellow  precipitate,  POt,  3AgO;  but  the  supernatant  liquid  is 
only  neutral  when  the  neutral  phosphate  is  used  ;  it  is  acid  in  the 
esse  of  the  other  two  salts,  because,  for  every  eq.  of  oxide  of  sil- 
ver in  the  precipitate,  1  eq.  of  nitric  acid  has  to  be  neutrallied, 
and  this  cannot  be  effected  by  the  basic  water,  but  only  by  the 
Boda. 

When  the  second  or  common  phosphate  of  soda  is  ignited,  its 
basic  water  is  driven  off,  and  bibasia  phosphate  of  soda,  POi, 
'2 NaO,  is  left.  This  salt,  dissolved  ia  water,  gives  with  salts  of 
silver  a  wliite  Haky  precipitate  of  bibasic  phospiiate,  while  the 
supernatant  liquid  remains  neutral. 

If  the  third  or  acid  phosphate  of  soda  be  ignited,  it  loses  2  eqs. 
of  basic  water,  and  monobasic  phosphate  is  left,  which,  if  dissolved 
in  water,  gives  with  silver  a  granular  white  precipitate  of  mono- 
basic phosphate,  the  supernatant  liquid  remaining-  neutral. 

From  the  above  brief  description  of  the  three  modifications  of 
phosphoric  acid,  it  will  be  seen  that  their  characters  are  distinct 
and  well  marked.  Graham  views  them,  according  to  the  formulae 
which  assume  the  presence  of  water,  as  three  different  hydrates 
of  the  same  anhydrous  acid ;  and  he  considers  that  when  the  anhy- 
drous acid  has  combined  with  one,  two,  or  three  atoms  of  water, 
it  acquires  and  retains,  in  each  case,  the  power  or  tendency  lo 
combine  with  one,  two,  or  three  equiralenta  of  fixed  base.     The 
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facility  with  which  one  form  passes  into  the  other  is  in  favor  of  this 
Tiew ;  but  it  must  be  observed  that  it  affords  no  explanation  of  the 
remarkable  tendency  alluded  to,  but  only  stales  the  fact,  and  still 
leaves  unanswered  the  question,  Why  does  anhydrous  phosphoric 
acid  at  one  time  unite  with  1  eq.,  at  another  with  2  eqs.  or  3  eqs. 
of  water  ?  or  why  does  it,  by  doing  so,  acquire  the  tendency  to 
unite  with  1,  2,  or  3  eqs.  of  base  ? 

Liebig,  on  the  other  hand,  considers  the  three  acids  as  radically 
different,  bein^  formed  of  hydrogen,  united  in  each  to  a  different 
compound  radical ;  and  that  as  in  the  first  there  is  only  1  eq.,  in 
the  second  2  eqs.,  and  in  the  third  3  eqs.  of  hydrogen,  the  salts 
must  necessarily  contain  equivalent  proportions  of  metals  which, 
in  the  two  latter,  may  replace  the  hydrogen  either  wholly  or  par- 
tially, as  in  other  polybasic  acids.  The  formula  for  the  acids,  09 
this  view,  have  been  given  above. 

The  now  admitted  existence  of  numerous  polybasic  acids,  and 
the  growing  tendency  to  consider  all  hydrated  acids  as  hydrogen 
acids,  tend  to  induce  us  to  prefer  the  latter  view,  which  moreover 
has  the  advantage  of  at  least  offering  an  explanation  of  the  differ- 
ent neutralizing  power  of  the  three  acids,  which  is  referred  to  the 
amount  of  replaceable  hydrogen  they  contain.     Thus  we  have  — 

Mt&nobasie  Aeid.  Bibasie  Acid.  Tribattc  AM, 

AekL  Salts.  Add.  Salto.  Add.  Salts. 

P  Oi,  H  ;  P  06,  M ;  P  Oi,  Hi ;  P  O7,  Mi ;  P  Ot,  Hj  ;  P  Oi,  Ms ; 

PO7    j^  POi    j]^' 

If  We  begin  from  the  tribasic  acid,  and  represent  one  of  its  salts, 
the  common  phosphate  of  soda,  P  Os,    j  Naa,  as  follows : 

(H, 

iTtf  CJPOi  +  Na 

POt+  ^j;"=  <|POt  +  Na 
^"  Ol'Ot  +  H 

We  see  that  when  this  salt  is  ignited,  1  eq.  of  hydro^n  is  expelled, 
along  with  1  eq.  of  oxygen,  and  the  2  eqs.  of  sodium  now  neu- 
tralize the  whole  of  the  remiuning  phosphorus  and  oxygen,  which 
isfPOt— 0  =  P07,  and  the  bibasic  salt,  P07,i^aa  results. 
If  this  be  expressed  by 

Po,+>....j}?8:i:K 

We  see  that  something  has  been  added  to  the  radical  previously 
united  with  each  eq.  of  sodium,  without  altering  its  neutralizing 
power.     In  like  manner,  if  we  represent  microcosmic  salt,  P  Ot, 

(Na 

JNH4,  as  follows: 

fH 


P0.+ 


f  Na  f  4  P  O.  +  N» 

^NH.=  UpO*  +  NH< 

(h         (Jpo,+h 


We  see  thftt  when  it  is  ignited,  the  hydrogen  and  the  ammoniam 
Are  both  eipetted,  each  combined  with  1  eq.  of  oxygen ;  bat  u 
the  rest  of  the  pbosphonu  and  oxygen  formerly  combined  with 
them  ir  dot  eipelled,  it  eDt«ra  into  the  composition  of  the  radical 
atill  united  with  the  1  eq.  of  sodium,  but  witaout  affecting  its  neu- 
tralising power.  This  radical,  therefore,  becomes  ^PO*-— Oi 
=  POi;  and  its  salt  with  sodium  is  POi,  Na,  the  monobasic 
phosphate  of  soda.  If,  now,  we  turn  to  what  was  said  above  of 
the  acids  of  sulphur,  viewed  as  bydrc^en  acida,  we  shall  there  Be« 
many  analogous  cases  of  the  addition  to  the  acid  radical  of  differ- 
ent quantities  of  its  elements,  while  the  neatraltsiDg  power  remains 
unchanged.  Thus,  hydrated  sulphurous  acid,  H-f  SOi,  by  the 
addition  of  8  Oi  -f-  Si  to  its  radical,  becomes  the  odd  of  Fordoa 
and  Gelis,  without  change  of  neutralizing  power.  In  the  phos- 
phoric acids,  the  neutralizing  power  varies,  because  the  hydrogen 
varies  :  but  when  they  are  represented,  as  has  been  done  above, 
in  such  a  way  as  to  keep  the  iiydrogen  ^or  metal)  the  same  in  all, 
the  analogy  between  them  and  the  acids  of  sulphur,  in  regard  to 
the  noD -dependence  of  the  neutralizing  power  on  the  nature  and 
proportions  of  the  ingredients  of  the  radical,  becomes  manifest. 

The  above  is  the  view  which  Liebig  takes  of  the  nature  and 
formation  of  the  three  phosphoric  acids.  It  must  be  admitted, 
that  it  has  the  advantage  of  simplicity  ;  that  it  explains,  in  a  con- 
sistent  manner,  all  the  known  facta ;  and  that  it  is  at  present  better 
supported,  and  rests  on  fewer  assumptions,  than  any  other  theory 
of  tlie  constitution  either  of  these  acids,  or  of  acids  in  general. 

PHOSPHOBDB  AHD  HTUROOXN. 

Phosphuretted  Hydrogen.    P  Hi  =  34-4. 

This  compound  may  be  formed  by  the  action  of  phosphurets  of 

■Icaline  meUvIs  on  water,  or  by  the  action  of  phosphorus  on  boiling 

alcaline  solutions.      Thus,   phosphide  of    calcium,    thrown  mto 

wa(«r,  disengages  the  gas  in  question ;  and  it  is  also  produced  ia 
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lai^e  quanlity  bj  applyin;^  heat  to  a  mixture  of  lime,  water,  and 
Iragnienis  of  phospnorus,  m  a  retort  nearly  filled  wilh  the  miitnre, 
or  oy  boiling'  phosphorus  with  an  alcoholic  solution  of  potash. 
Th«  two  former  methods  yield  it  in  a  form  in  which  it  b  eponta- 
neously  combustible  on  coming  in  contact  with  air  or  oxygen  ;  the 
latter  m  a  form  i&  which  it  requires  tJie  contact  of  flame  in  order 
to  burn.  The  gas  in  both  cases  is  essentiall;  the  same ;  but  in 
the  former  it  containa  a  minute  proportion  of  a  compound,  not  yet 
isolated,  which  is  spontaneoasly  inflammable,  and  which,  inflammg 
by  contact  of  air,  kindles  the  gas.  This  compound  is  supposed 
to  be  PHi.  When  the  spontaneously  inflammable  gas  is  long 
kept,  it  dcpOGils  a  solid  compound,  P  H,  and  is  then  no  longer 
spontaneously  combustible.     Possibly  2  P  Hi  yield  PHand  PHi. 

The  gas.  whether  spontaneously  inflammable  or  not,  is  colorless, 
uid  has  a  very  offensive  amell  of  putrid  fish.  When  it  burns,  it 
produces  anhydrous  phosphoric  acid  and  water,  forming  thick 
white  vapors  ;  and  when  bubblea  of  the  spontaneously  infltunmn- 
ble  gu  take  fire  in  still  tur,  they  form  bcautifnl  circular  wreaths 
of  vapor,  which  ascend,  gradually  widening,  till  they  are  diasi- 
pftted  in  the  ur. 

The  addition  of  ether,  oil  of  turpentine,  and  many  other  sub- 
■lanees,  destroys  the  spontaneous  inflummability ;  but  this  prop- 
erty may  be  restored  by  adding  to  the  gas  a  minute  proportion  of 
nhroua  acid.  —  (Oraham.) 

Pbosphuretleo  hydrogen  is  neitlier  acid  nor  alcaline ;  but  it 
■eema  to  have  alcaline  tendencies,  aince  it  combines  with  bydriodic 
Mid,  forming  a  neutral  crystalline  compound,  isomorphous  with 
hydriodate  of  ammonia.  It  also  combines  with  several  metallic 
chlorides,  forming  compounds  analogous  to  those  produced  by 
ammonia  with  the  same  chlorides.  Rose,  who  has  described  these 
compounds,  points  out  a  considerable  analbgy  between  phosphur- 
ettea  hydrogen  and  ammonia. 

It  lias  already  been  mentioned,  that  when  bypopboBphoroDS  and 
phoepborous  acids  are  heated,  they  are  resolved  into  phosphoric 
acid  and  phosphuretted  hydrogen.  This  gas  is  consequently  given 
off  frequently  toward  the  end  of  the  evaporation  of  a  solution  of 
phosphorus  in  diluted  nitric  acid,  which  at  first  forms  phosphorous 
acid,  by  the  decomposition  of  which  the  gas  is  produced,  causing 
a  sudden  combustion  at  the  surface  of  the  evaporating  liquid. 

Since  the  above  account  was  printed,  M.  P.  Tb^nard  has  pub- 
lished an  elaborate  memoir  on  phosphuretted  hydrogen,  from 
which  it  appears  tliat  there  exist,  —  1st,  a  fluid  compound  P  Hi, 
or  6  P  Ha  =  Pt  Hm  ;  Snd,  a  solid  compound  Ft  H  ^  and  3rd,  the 
gaa  Ps  H].  The  fluid  ia  first  formed,  and  is  then  apontaneously 
or  rery  eaailjr  reaolred  into  the  other  two.  Thus  : 
PiRmbPiH  +  SPHi. 


CnLOMNES   OF   PIlOUBCnUB.  IBS 

The  gas,  P  Hi,  acquireB  its  ^ntaneona  eombustibiliL;f  by  dis- 
solving some  of  the  liquid  P  H  or  Pi  Hn.     In  fact  tbis  liquid 
communicates  the  aame  property  to  other  gases. 
j-Boapaoftus  and  nithooeb. 
Phosphide  of  Nitrogen.     NP  =  45'B3. 
This  is  a  w1iit«  insoluble  powder,  formed  bj  the  action  of  am- 
monia on  sesquicbloride  of  phosphorus.     N  Hs  -|-  Pi  Gli  ss  3  H 
CI  -f- 1^  Pi  ■     It  is  infusible  and  fixed  in  tbe  fire  in  close  vessels. 

FHOSPHORDB    XMO    CBLOIUNX. 

Phosphorus  takes  fire  spontaneously  in  chloiine  gaa,  forming 
two  compounds. 

Tercblorido  of  Phosphorus.     P  Cla  =  13781. 

When  phosphorus  is  made  tu  pass,  in  the  form  of  vapor,  through 
s  tube  tilled  with  coarse  powder  of  bichloride  of  mercury,  Hg  CIj, 
or  when  chlorine  is  slowly  passed  through  a  tube  or  retort  con- 
taining phosphorus,  a  volalilo  colorless  liquid  is  obtained,  which  is 
aeaquichloride  of  phosphorus  :  3  Hg  CU  -f  P  =  8  Hg  CI  +  P  Cli. 
Here  protochloride  of  mercury  is  left,  while  the  excess  of  chlorine 
oombines  with  the  phosphorus.  The  sesquicbloride  is  a  pungent 
fuming  liquid,  which,  in  contact  with  water,  yields  hydrochloric 
and  phosphorous  acids.  P  Cls  +  3  H  0  =  3H  CI  +  P  0». 
b.  Perchloride  of  Phospborns.     P  Clj  =  308-76. 

This  compound  is  best  formed  by  passing  a  current  of  chlorine 
tlirougli  the  preceding  to  saturatioa.  It  is  a  white  volatile  solid, 
of  a  pungent  smell.  In  contact  with  water,  it  yields  hydrochloric 
and  phosphoric  acids  :  PCI.  +  5H0  =  fiH  CI  +  PO. 


PHOSPIIOBUS    AKD    BROMMX. PHOBPHOBCB    ARD    lODtKE. 

With  these  elements  phosphorus  also  unites  with  spontaneous 
combustion,  and  forms  with  each  two  compounds,  analogous  to 
those  with  clorine.  They  are  volatile  solids,  yellow  in  the  case  of 
bromine  ;  dark  brown  or  nearly  black  in  the  case  of  iodine.  They 
decompose  water  like  the  chloride,  with  the  production  of  hydro- 
bromic  and  hydriodic  acids  on  the  one  hand,  and  phosphorus  or 
phosphoric  acids  on  the  other.* 

*  M.  Coranwindei  k**  lalcl;  prepared  levanl  dafinita  and  cryalalllne  eom- 
pounda  of  iodlus  and  pbowhonii^  Ho  prodncea  tbein  by  ancoaaalvely  dla- 
•olTlag  Ihe  phoaphorai  and  lodlns  la  aulphlde  of  carbon,  and  cimling  Ihe 
aotaliona. 

Ttie  Biniodide  of  P/uupSorui  (PIi)  crystatlliM  tn  large  orange-red  prisma. 
Tbev  fuea  al  110°,  change  tn  tbe  air,  and  TolilUiia  at  a  hirh  tampantare. 

Tlie  Trriedida  of  PiiotfkOTui  glvei  large  Irregular  cryatale  or  a  fine  led 
dolor,  conalating  apparently  of  hexagaual  platei ;  which,  when  dialilled,  gtre 
■  nam  which  by  faalon  yieldi  ptiamatic  eryataU  They  fuse  at  bSfi  C,  and 
ate  decompond  by  water,  with  evolutloa  of  hydrlodlo  acid  (H  I). 
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PHOSPHOKU8   AND    SULPHUR. 


When  phosphorus  and  sulphur  are  heated  together  under  water 
they  combine,  often  with  incandescence,  forming  several  com- 
pounds, which  arc  exceedingly  inflammable,  and  having  a  ten- 
dency to  ex])lodo  violently  when  heated»  from  some  unknown 
cause,  are  very  dangerous  to  experiment  with.  Berzelius  has 
Intely  examined  these  compounds,  and  has  described  the  following : 

I  St.  Pb  8.  This  compound  occurs  in  two  states,  as  a  colorless 
liquid,  and  as  a  red  powder. 

8nd.  P  8.     A  pale  yellow  liquid,  also  as  an  orange  powder. 

3rd.  P  Sii.     Yellow  crystals. 

4th.  P J  8s  ==  Pi  S  +  r  S.  A  scarlet  powder,  changed  by  dis- 
tillation into  a  liquid. 

5lh.  PSs.     A  yellow  fusible  solid. 

6th.  PSt.     A  yellow  chrystallixable  solid. 

It  is  very  remarkable,  that  several  of  these  compounds  occur  in 
two  distinct  states  ;  and  Benelius  conceives  that  this  is  owing  to 
Ihe  circumstance  that,  like  sulphur,  phospboms  itself  exists  in  two 
ttechanicallv  distinct  states,  and  that  tne  difference  of  the  two 
■tatea  of  the  compounds  depends  on  the  one  containing  pbosphonis 
in  its  ordinary  condition,  while  in  the  other  the  phosphonis  is  in 
Uie  alK^rv>pic  state,  as  it  is  now  called. 

In  the  aoove  section,  we  have  considered  the  atom  of  phosphwus 
to  be  15*7.  on  which  view  most  of  the  compoonds  of  phosphonis 
must  cv^ntAin  t  atoms  and  1  equivalent*  Thus  phospbofic  acid  b 
Pt  0«  ;  ph<«phvwxHis  acid.  Ps  Os  ;  pbospiburetted  hydK^cn^  Pa 
Ht :  the  chlondcs  of  phosphorus  P*  CI),  and  Pa  Cl/.  mt  since 
thai  Msiion  was  first  printed,  the  Ccntinenlal  cbemista  kare,  for 
the  mo^  part^  adopted  the  equivalent  of  hydrogen  g^aeralhr  ad* 
mittexi  in  this  countrr.  as  well  as  the  view,  acoording  to  wliich 
atom  and  cquivaWnt  are  synonymoos  or  at  least  converable  aenas. 
It  is  on  thi^  acv»uul  that  they  now  adnut  our  aftoouc  weight  of 
t^ixycn  :  avKl  to  be  <v>nst$tcttt  we  should  appSy  the  same  rale  «> 
pkoffsKorass  which*  as  wy  hax-e  «iccn*  enters*  into  combinalkm 
Murty  if  iH>t  a]tO|fseiher  UTii^wmk*  in  the  piv>pMtk«i  of  tw^  aaosa. 
In  ^iicls  we  dtN  admit  the  equixalent  of  pboi^horas  lo  be  51^4. 
Kow  \{  a^|y^r»  to  me  that  m-e  oucht  u>  cail  ihxs  ii^^  o^h*  one 
e«4mx-a^<^V)U  hut  aK^  ovie  atom.  In  that  ca»r^  phos^phont  noi^  wiH 
Ke  rOs  :  i^itNMphoivws  a^id*  POa;  jvboi^sMaMi  hvAraipHL 
t^wid  rU(.  wsh4  l\  H.  avid  i^aMvw  P  Ha  ;  azid  xbe  cUmdes^T 
(tlwwph^>fn»;,  Pl^s,  and  Pl^n. 
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The  same  change  ought  to  be  adopted  in  the  case  of  orseDio, 
the  atom  of  which,  instead  of  S7-7,  ought  to  be  75-4 ;  and  the 
formulse  of  orsenious  and  arsenic  acids,  instead  of  Asi  Oi,  and 
AaiOi,  will  be  AsOi,  and  AaOs. 

It  is  possible  that  some  other  atomic  weights  will  have  to  be 
doabled  in  the  same  way.  Those  of  iran  and  chromium,  boweTer, 
although  these  elements  form  compounds  such  as  Fe>  Oi,  Fe>  CIs, 
Cri  Oi,  Crs  Cli,  Ac.,  &e.,  do  not  reqnire  this  change,  because 
these  metals  also  form  compounds  such  as  Fe  0,  Fe  CI,  Fe  8, 
CrO,  &c.,  dec. 

11.  Cas-boh.     C=i6'04. 

This  element  occurs  very  abundantly  in  nature,  generally  com- 
bined. In  the  pure  state,  and  crystallized,  it  constitutes  the 
diamond.  In  a  compact,  amorphous  condition,  tt  occurs  as  plum- 
bago or  graphite ;  and  in  a  much  less  pure  form,  as  anthracite 
coal.  It  IS  an  essentJal  ingredient  of  all  organized  tissues  and 
products,  nnimal  and  vegetable ;  and  it  is  also  found  in  the  mine- 
ral kingdom  as  the  chief  component  of  pit  coal  and  wood  coal, 
which  are  evidently  derived  from  vegetables  ;  and  further  as  car- 
bnretted  hydrogen  gas,  the  fire-damp,  and  carbonic  acid  gas,  the 
choke-damp  of  coal  mines,  which  are  products  of  the  decay  of 
vegetable  matter. 

Carbonic  acid  is  abundant  in  volcanic  districta  and  in  mineral 
waters,  and,  combined  with  lime  or  magnesia,  constitutes  extensiTo 
rock  formations. 

Carbonate  of  time  occurs,  for  ciample,  as  marble,  limestone, 
and  chalk  ;  and  along  with  carbonate  of  magnesia,  as  dolomite. 
When  crystallized,  it  iorms  calcareous  spar. 

Carbonate  of  magnesia  also  forms  roclts  in  some  parts  of  the 
world. 

In  smaller  quantity,  the  carbonates  of  baryta,  stronlia,  lead,  and 
some  other  bases,  are  also  found. 

Carbonic  acid  gas  is  always  present  in  the  atmosphere,  of  which 
it  forms  about  yVas  ^7  weight. 

Carbon  is  artificially  prepared  by  healing  organic  matter  in 
close  vessels  as  long  as  any  volatile  substances  are  given  off. 
These  volatile  bodies  are  compounds  of  carbon,  hydrogen,  nitrogen, 
snd  oxygen,  in  various  proportions,  and  the  residue  is  the  excess  of 
carbon,  which  is  fixed  in  the  fire,  provided  oxygen  be  excluded. 
Wood  thus  treated  yields  common  charcoal,  which  is  carbon  ~|- 
the  ashes  or  mineral  elements  of  the  wood.  Coal  yields  coke, 
which  is  more  dense  in  its  structure.  Animal  matters  yield  ani- 
mal charcoal,  which  contains  phosphates,  and  also  nitrogen,  prob- 
ably as  mellone,  Ci  Nt.  The  charcoal  from  bones  is  called  bone 
or  ivory-black,  and  is  of  course  loaded  wi^  phosphate  of  lime. 
When  oils  or  resins,  which  are  always  rich  m  carbon,  are  humed 
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wUli  li  deficient  nupply  of  oiygen,  they  yield  a  great  deal  of  soot, 
which  in  culUtd  Iiunp'bUck.  When  ignited  in  close  vessels, 
to  f'X|iei  any  traces  of  oil  or  volatile  matters,  it  is  almost  pare 
<!urhoii. 

Tlie  diamond,  or  crystallised  carbon,  is  the  hardest  body 
known.  Its  Bp.  G.  is  .')'6.  It  is  also  quite  infusible,  bat  is  easily 
burned  when  heated  in  oxygen,  and  is  converted  into  carbonic 
acid.  Jt  i«  remiirkable  for  iu  transparency  and  high  refractive 
and  dittpersive  power;  it  is  a  non-conductor  of  electricity.  In 
iUv.  oUu'r  (ullotropic?)  form  of  graphite  anthracite  or  charcoal, 
curbun  is  opiique,  black,  combuHtible  in  air  or  oxygen,  yielding 
carbuniu  a(!id,  but  iM  now  u  conductor  of  electricity.  Its  Sp.  G. 
is  f .  In  all  its  forms,  carbon  is  devoid  of  taste  or  smell,  insolu- 
ble, AS  such,  in  nil  menstrua  (although  it  may  be  oxidized  and 
dissolved  as  carbonic  acid  by  strong  nitric  acid,  or  aqua  regia, 
with  the  aid  of  heat),  and  altogetlier  fixed  in  the  fire  in  close 
TfSHela. 

In  open  vessels,  carbon,  when  heated,  takes  fire,  and,  if  pure, 
bums  entirely  away,  being  converted  into  carbonic  acid  gas.  In- 
deed, the  attraction  of  carbon  for  oxygen  at  a  red-heaC  exceeds 
that  of  almost  all  other  bodies.  It  is  to  this  property,  and  to  the 
heat  and  light  given  out  in  its  combustion,  that  are  owing  the 
uses  of  carbon,  as  the  chief  ingredient  of  all  kinds  of  fuel, 
whether  burned  for  heat  or  for  light. 

CAKBON  AND  OXTOSN. 

With  oxvgen,  carbon  forms  two  well-marked  gaseous  com- 
pounds, wluch  shall  bo  hero  described.  The  same  elements,  in 
other  proportions,  constitute,  according  to  the  opinion  which 
reganU  oxygt'n  acids  as  hydrates,  certain  anhydrous  acids,  to  be 
di*scribed  under  the  head  of  organic  chemistry.  As  these  anhy- 
drous aoids,  however,  are  not  known  in  the  separate  form,  we  may 
rather  ivusiider  the  acids  in  question  (the  oxalic,  mellitic,  croconic, 
and  rhodiionie  acids)  as  compounds  of  hydrogen. 

a.  Oarbonio  Oxide.    C  0=  14*053. 

This  gas  is  formed  either  when  carbon  is  burned  with  a  limited 
supply  of  air,  as  when  air  is  passed  through  a  mass  of  red-hot 
ohan*oal :  or  when  carbonic  acid  is  brought  into  contact  with  red- 
hol  charcoal.  In  the  latter  case,  the  carbonic  acid,  COs,  ia 
deoxidtXiHl.  while  the  carbon  is  oxidised.  C  Oi  +  C  =  2  C  0. 

h  is  best  obtained  by  beating  in  a  retort  1  pari  of  finely  pow- 
dered terrooyanide  v>f  i>otassium  (prussiate  of  potash)  along  witk 
to  parts  of  oil  of  vitrioi.  The  salt  contains  cyanide  of  potassium, 
K.  Oi  N,  and  cyanide  of  iron.  Ke»  Ca  N.  One  or  botn  of  these 
sails  acta  on  the  snlphurio  acid  and  waier»  jieldiBg  snlphafie  of 
potask  (or  of  iromX  •u)pbali»  of  ammonia^  and  carbonie  oxide : 
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K.  C.N4-t{H0.  80))  +  «H0  =  (K0.  80j)  +  (NH4  0, 
S  0»)  +  2  C  0.  The  jma  may  iilao  be  obtuaed  by  heating  a  mix- 
ture of  a  formiale,  MO,  Ci  HO3,  vith  ah  excess  of  oil  of  vitriol, 
MO.  CjHOj  +  HO,  80o  =  MO,  S0=  +  2H0  +  2C0. 
When  oxalic  add,  HO,  Ci  Oi,  or  an  oxalate,  MO,  Ci  Oj,  is 
heated  with  an  excess  of  oil  of  vitriol,  there  is  obtsiaed  a  mixture 
of  carbonic  oxide  and  carbonic  aad  gases  :  MO,  Cj  Oi  ~|-  H  0, 
80s=M0,  SOi  +  HO  +  CO+COj.  By  passing  the  mixed 
pises  through  milk  of  lime  or  solution  of  potash,  the  carbonic  acid 
IS  srrested,  and  the  carbonic  oxide  gas  obtained  pure. 

Carbonic  oxide  gas  may  he  collected  and  kept  over  water.  It 
is  transparent  and  colorless,  has  neither  taste  nor  smell,  and  when 
respirea  is  faUl  to  aoimal  life.  It  takes  fire  when  heated  to  red- 
ness in  contact  with  air,  as  by  the  approach  of  a  eandle,  and 
bums  with  a  lambent,  clear  blue  flame,  combining  with  a  second 
equivalent  of  oxygen,  and  yielding  carbonic  acid.  Its  Sp.  0-.  is 
0*97S2.  The  blue  flame  that  is  often  seen  to  play  on  the  surface  of 
a  large  red-hot  coal  fire  is  owing  to  the  formation  of  this  fras ;  the 
carbonio  acid  formed  at  the  lower  part  of  the  fire  being  forced  lo 
pass  through  a  thick  mass  of  red-hot  charcoal.  The  formation  of 
this  poisonous  gas  is  also  one  cause  of  the  danger  of  slowly  bnrn- 
mg  ^arcoal  in  chauffers,  in  rooms  where  there  is  no  chimney  and 
little  ventilation. 

Carbonic  oxide  is  a  compound  radical ;  that  b,  it  acts  like  an 
element,  combining  with  elements.  Thus,  it  combines  with  chlor- 
ine, with  oxygen,  with  metals.  In  this  point  of  view  it  is  a 
most  interesting  compound ;  but,  like  cyan<^n,  comes  to  be 
treaUd  of  as  a  compound  radical  in  the  organic  division  of  this 
work. 

b.  Carbonic  Acid.    COi=3a. 

Srs.  Fixed  Air. — This  gas  occurs  in  a  variety  of  circumstances, 
which  have  been  noticed  above,  in  treating  of  carbon.  In  addi- 
tion to  these,  it  may  here  be  menti<med  that  it  is  formed  during 
die  respiration  of  animals,  and  that  it  is  a  chief  product  of  the 
vinous  or  alcoholic  ferment^on.  It  is  also  formed  in  large  quan- 
tity in  alt  ordinary  combustions,  from  the  oxidation  of  the  carbon 
in  the  fuel. 

It  is  best  nrepared  artificially  by  the  action  of  diliUed  hydro- 
chloric or  Bulpburic  acid  on  marble  or  chalk,  which,  \a  alrewly 
■tated,  is  carbonate  of  lime,  Ca  O,  C  Oi .  Thus  we  have  Ca  0, 
G0> -f  HCl  =  CaCl-f  HO  +  CO>.  It  may  be  collected, 
with  some  loss,  over  water,  which  abacarbs  it  to  a  considerable 
extent. 

It  is  a  transparent  and  colorless  gas,  with  rather  a  pnngnit, 
■ub-acid  smell,  and  a  slight  acidulous  taste.  Its  Sp.  O.  b  1-6Z7  : 
and  it  is  so  muob  heavwr  than  ur,  that  it  may  ne  collected  in 
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vessels  by  displacement,  as  represented  in  the  cut,  especially  if  it 
be  wanted  dry,  after  passing  tnrough  a  tube  filled  with  chloride  of 


calcium.  Lime-water  is  rendered  turbid  by  this  sras,  the  insoluble 
carbonate  of  lime  being  formed ;  and  by  this  character  it  is  dis- 
tinguished from  all  other  gases.  It  extinguishes  flame,  and  is 
most  deleterious  when  inhaled.  As  it  is  apt,  from  its  great  dens- 
ity to  acumulate  in  the  lower  part  of  wells,  pits,  or  mines,  where 
it  escapes,  it  is  often  the  cause  of  fatal  accidents.  No  such  place 
should  be  entered  until  a  light  has  been  introduced,  and  found  to 
burn  brightly :  if  it  bums  dimly,  or  is  extinguished,  the  air  will 
certainly  destroy  life  if  respired. 

Carbonic  acid  gas,  by  a  pressure  of  36  atmospheres,  is  liquefied. 
This  is  best  accomplished  by  condensing  the  gas  by  means  of  a 
pump,  into  a  strong  copper  vessel,  such  as  is  used  for  air-guns. 
The  liquid  carbonic  acid,  by  its  almost  instantaneous  evaporation, 
when  allowed  to  escape  through  a  jet,  produces  so  much  cold,  as 
to  freeze  a  part  of  the  gas  into  a  white  solid  like  snow.  The  solid 
carbonic  acid  evaporates  slowly,  but,  if  mixed  with  ether,  more 
rapidly,  so  as  to  freeze  mercury  easily.  The  liquid  acid  expands 
by  heat  in  a  greater  degree  than  even  the  gas  does. 

Carbonic  acid  gas  is  absorbed  by  water,  particularly  under 
increased  pressure,  and  gives  to  that  liquid  an  acidulous  taste, 
and  the  power  of  reddening  litmus  ;  although,  on  exposure  to  the 
air,  or  on  boiling,  the  gas  is  given  off,  and  the  blue  color  is 
restored.  With  the  bases,  it  unites,  forming  salts,  which  are 
called  carbo^tes  ;  but  in  the  soluble  carbonates  the  alcali  is  not 
neutral izglMpId  many  carbonates  of  the  base,  especially  of  am- 
monia, lffl^%e  obtained,  in  all  of  which  the  properties  of  the 
alcali  predominate.  It  would  appear  from  this,  tnat  carbonic  acid 
is  not  a  true  acid,  although  it  combines  with  bases.  We  shall 
hereafter  see  that  one  or  two  other  oxygen  acids,  which,  like  it,  do 
not  form  hydrates,  are,  in  like  manner,  destitute  of  the  true  char- 
acter of  acids. 

The  sparkling  and  effervescing  properties  of  many  kinds  of 
wine,  of  beer,  and  of  aoda  water,  are  owing  to  the  presence  of 
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carbonio  acid.     The  mineral  waters,  in  which  it  occurs  free,  are 
known  by  their  sparkling,  and  are  much  uaed. 


These  two  elements  combine  together  in  a  vast  number  of  pro- 
portions, and  beine'  both  combustible,  give  rise  lo  compounds,  all 
of  which  are  highly  inflammable,  and  which  resemble  each  other 
in  chemical  characters  generally.  They  are  often  called  carbo- 
hydrogens.  At  the  ordinary  temperature,  some  are  solid,  as 
paraffine  and  naphthaline  ;  many  are  liquid,  as  oils  of  turpentine 
and  lemons,  naphtha,  <Jcc. ;  and  two  are  gaseous,  namely,  light 
carburetted  hydrogen  gas,  and  olefiant  gas.  All  of  these  com- 
pounds are  either  vegetable  products,  or  arise  from  the  decay  or 
the  destructive  distillation  of  organic  matter.  As,  however,  the 
two  gases,  mixed  in  various  proportions  with  air,  constitute  the 
fire-damp  of  coal  mines,  and  consequently  occur  in  the  mineral 
kingdom,  we  shall  describe  them  here,  leaving  the  remainder  for 
organic  chemistry. 

a.  Light  Ctrburetted  Hydrogen.  C  Hi  =8-04. 
This  gas  forms  the  chief  part  of  the  combustible  gases,  which 
issuing  from  the  seams  in  the  coal,  mixes  with  the  airof  the  mines, 
and  produces  the  explosive  fire-damp.  It  is  produced  nearly  pure, 
when  vegetable  matter  decays  under  stagnant  water.  The  bub- 
bles which  rise  sre  found  to  consist  of  this  gas,  with  a  little 
carbonic  acid,  which  may  be  removed  by  solutfon  of  potash.  The 
may  also  be  formed  artificially  by  heating  an  acetate,  M  0,  Ci 
Oi,  with  an  excess  of  hydrate  of  baryta.     We  have  then 

(MO+CiH*Oi,)+BRO,HO=MO,COi  +  BsO,COt-|-3CH..) 
The  gas  is  colorless  and  inflammable,  burning  with  a  yellowish 
flame,  and  forming  carbonic  acid  and  water  with  the  oxygen  of  the 
air.  C  H»  +  Oi  =  C  Oj  -f  2  H  0.  Its  8p.  Q.  is  0'5556.  When 
mixed  with  twice  its  rolume  of  oxygen  and  set  fire  to,  it  explodes 
violently.  The  same  result  follows,  but  with  less  violence,  when 
it  is  mixed  with  10  vols,  of  air,  which  contain  S  vols,  oxygen. 
This  is  the  nature  of  fire-damp.  It  is  a  mixture  of  this  gas  with 
air.  If  the  air  is  less  than  6  times,  or  more  than  14  times  the 
volume  of  the  gas,  explosion  does  not  take  place. 

To  put  an  end  to  the  frightful  accidents  formerly  so  common  in 
coal-mines,  Davy  invented  his  safety-lamp,  which  is  only  a  com- 
mon oil  lamp,  surrounded  by  wire  gauze.  Davy  found  that  flame, 
which  is  incandescent  gaseous  matter,  and  intensely  hot,  could  not 
pass  tbraugh  fine  wire  gauze,  the  gaseous  matter  being  cooled  by 
the  contact  with  the  metal,  below  the  point  at  which  it  becomes 
luminoui.  Now,  as  it  requires  the  heat  of  flame  to  fire  the  explo- 
sive nizture,  it  is  evident  that  the  flame  of  the  lamp,  not  being 
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able  to  pass  throngb  the  wire  gauze  as  flame,  but  only  as  gaseous 
matter  not  incandescent,  cannot  fire  the  mixture  which  surrounds 
it.  Since  this  beautiful  contrivance  was  adopted,  explosions  have 
become  much  more  rare  in  coal-mines  ;  and  there  is  good  reason 
to  believe  that  such  as  have  occurred  have  arisen  from  neglect  of 
(he  use  of  the  safety-lamp,  or  from  carelessness  in  using  lamps, 
the  gauze  of  which  nas  been  so  injured  by  blows,  or  otherwise,  as 
to  aflow  the  flame  to  pass. 

When  an  explosion  takes  place,  those  who  are  not  burnt  or  shat- 
tered, are  generally  suffocated  by  the  carbonic  acid,  which  is  the 
product  of  the  explosion. 

b.  Olefiant  Gas.     Ct  Ht  ==  14-08 ;  or,  C«  H«  =28.16. 

This  gas  occurs  in  the  gaseous  mixture  of  cpal-mines,  mixed 
with  the  preceding.  It  is  prepared  by  heating  1  part  of  strong 
alcohol  with  4  parts  of  oil  of  vitriol.     The  mixture  blackens  and 

Sives  off*  the  gas,  which  ma^  be  collected  over  water.     It  is  ren- 
ered  quite  pure  by  passing  it  through  oil  of  vitriol,  which  removes 
some  of  the  vapor  of  ether  which  is  generally  present. 

Olefiant  gas  is  transparent  and  colorless.  When  brought  in 
eontact  with  a  flame  in  the  air,  it  takes  fire,  and  bums  with  a  very 
luminous  white  flame.  Mixed  with  its  volume  of  chlorine,  the  two 
gases  rapidly  disappear,  producing  an  ethereal  or  oily  liquid,  C4 
H4  CIt  :  hence  the  name.  But  if  mixed  with  2  vols,  of  chlorine, 
and  set  fire  to,  the  mixture  bums  off"  with  a  red  flame,  and  an 
immense  quantity  of  smoke,  which  is  carbon  deposited  in  the  solid 
form,  the  hydrogen  uniting  with  the  chlorine.  Cs  Hs  +  Cls  = 
2HC1+Ct. 

When  a  light  is  applied  to  a  mixture  of  1  vol.  of  olefiant  gas, 
and  3  vols,  of  oxygen,  or  15  vols,  of  air,  a  very  violent  explosion 
takes  place,  the  products  being  carbonic  acid  and  water.  Ct  Ha 
+  0.=2HO  +  2CO«. 

OARBOM    AND   NimOOKN. 

Cyanogen.  Ct  N  s  Cy = 26*63. 
These  elements  in  the  nasoent  state,  and  in  the  presence  of  a 
bate,  combine  to  form  a  very  remarkable  compound*  which*  from 
being  a  chief  ingredient  in  Prussian  blue,  has  been  called  cyanogen. 
This  compound  is  best  obtained  by  heating  a  mixture  of  6  parts 
of  dried  ferrooyanide  of  potassium,  and  9  parts  of  bichloride  of 
mercury  in  a  flask,  when  cyanogen  is  given  off  in  the  form  of  a 
oolorless  gas,  absorbed   by  water,  having  a  very  pungent  and 

Culiar  smell.     Cyanogen  gas  is  combustible,  and  bums  with  a 
.atiful  purplish  red  flame.     It  ia  liquified  by  a  pressure  of  3  or 
4  atmospheres. 

Such  are  the  leading  external  properties  of  this  remarinbk 
eompound,  whieh,  in  ila  ehtmioal  ralatioas,  however,  aeta  moat 
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freqneDtly  the  part  of  a  simple  acid  radical,  entirely  analoKOiiS  to. 
cbloriae,  bromine,  iodine,  or  fluorine,  forming  au  acid  with  nydror 
gen,  and  neutral  salts  with  metals. 

In  fact,  cyanogen  ia  the  type  of  the  important  class  of  compound 
acid  radicals,  wbich  characterise  the  chemistry  of  organic  bodies, 
although,  as  we  have  seen,  they  also  occur  in  inorganic  chemistry. 
But  as  cyanogen  is  exclusively  a  product  of  organiied  compounds, 
or  of  the  destruction  of  organic  bodies,  the  detailed  description  of 
its  chemical  relations,  and  of  its  numerous  compounds,  belongs  to 
ormnic  chemistry. 

The  composition  of  cyanc^n  is  Cs  N  ;  but  as  it  plays  the  part 
of  an  elementary  body,  it  is  generally  more  convenient  to  employ 
for  it  the  symbol  Cy. 

Carbon  and  nitrogen  fonn  another  compound,  C*  N*,  which  is 
also  a  compound  radical,  and  is  called  mellone.     Symbol,  Me. 

CARBON  ADD  CHLORIKZ. 

Carbon  does  not  directly  unite  with  chlorine ;  but  when  chlorine 
is  made  lo  act  on  certain  organic  compounds,  which  are  decom- 
posed by  it,  the  cnrbon  being  presented  to  it  in  the  nascent  state, 
combines  with  the  chlorine.  There  are  severul  chlorides  of  car- 
bon :  1.  Dichloride  of  carbon,  Ci,  CI;  a  wbit«  solid  fiisible  and 
combustible  body.  S.  Protocbloride  of  carbon,  C  01 ;  a  liquid, 
boiling  at  160°.  3.  Perchloride  of  carbon,  C»  Cli ;  a  very  fusible 
solid,  boiling  at  360°,  combustible.  None  of  these  compounds 
have  any  practical  interest. 

Little,  if  anything,  is  known  of  the  compounds  of  iodine,  bro- 
mine, and  fluorine,  with  carbon. 


Bisulphide  of  Cartton.  C  Si  =88-2e. 
This  compound  is  best  formed  by  filling  with  fragments  of 
recently  ignited  charcoal  a  wide  cast-iron  tube,  which  is  placed  in 
a  somewhat  inclined  position  across  a  furnace.  The  lower  end  of 
the  tube  is  connected  with  Idebig's  condensing  apparatus,  the  wide 
glass  tnbe  of  which  is  kept  cold  by  iced  wat«r,  and  terminates  in 
a  two-necked  bottle,  also  placed  in  ice-cold  water  ;  a  tube  in  the 
•ecoad  tubulature  of  the  botUe,  allows  the  escape  of  gaseous  mat- 
ter. The  part  of  the  iron  tube  containing  the  charcoal  being  now 
raised  to  a  red-beat,  a  fragment  of  sulphur  is  introduced  into  the 
upper  end,  which  is  instantly  closed.  The  sulphur  melts,  boils, 
and  passes  in  vapor  over  the  hot  charcoal,  which  combines  with  it, 
fonuing  bisulphide  of  carbon,  which  condenses  in  the  bottle  as  a 
volatile  liqnicl.  A  second  fragment  of  sulphur  is  introduced  very 
soon  after  the  first ;  and  if  the  proportion  of  sulphur  introduced  at 
once,  and  th«  heat  of  the  charcoal  be  fortunately  observed,  a  large 
qtuntity  of  the  new  compound  may  soon  bo  obtained.     The  gasea 
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*dUengaged  appear  to  be  a  gaseous  sulphide  of  carbon,  chiefly 
formed  when  there  is  too  little  sulphur,  and  sulphuretted  hydroc^en, 
arising  from  the  presence  of  hydrogen  or  water  in  the  charooal. 

The  bisulphide  of  carbon  is  purified  by  distillation  in  a  very 
gentle  heat,  and  then  forms  a  very  transparent,  mobile,  colorless 
Uquid,  of  Sp.  G.  1*272,  sinking  therefore  in  water,  which  has  a 
peculiarly  otfensiTe  smell  of  putnd  cabbage.  It  is  very  volatile, 
Doiling  at  108°  ;  and  very  combustible,  burning  with  a  pale  blue 
flame,  and  producinir  sulphurous  and  carbonic  acids.  It  is  insolu- 
ble in  water,  soluble  in  alcohol,  ether,  and  oils.  It  dissolves 
sulphur  and  phosphorus  readily  ;  and  these  solutions,  by  spontane- 
ous evaporation,  yield  fine  crystals  of  those  elements.  It  also 
dissolves  camphor,  essential  oils,  and  resins. 

Sulphide  of  carbon  is  occasionally  used  as  an  external  applica- 
tion in  burnn  ;  and  it  promises  to  be  useful  as  a  solvent  for  resins, 
many  of  which  it  dissolves  readily,  and  thus  forms  varnishes, 
which,  from  its  great  volatility,  dry  very  rapidly. 

12.  Boron.    B  =  10*9. 

This  element  is  found,  in  combination  with  oxygen,  forming 
boracic  acid  in  certain  hot  springs  in  the  north  of  Italy  ;  and  as 
borate  of  soda  (borax),  on  tnc  shores  of  some  lakes  in  Thibet. 

From  Boracic  acid,  boron  is  with  difficulty  obtained  by  the  action 
of  potassium,  aided  by  heat,  which  removes  the  oxygen.  Or  it 
may  be  prepared  by  the  action  of  potassium  on  borofluoride  of 

g>tassium,  when  boron  is  separated  :  K  F,  BFa  +  K3  =  4  K  F  + 
.  The  fluoride  of  potassium  which  is  formed,  is  dissolved  away 
by  water,  and  the  boron  remains  as  a  dark  olive-colored  powder. 
Boron  is  fixed  in  the  fire,  but  if  heated  in  oxygen  gas,  it  bums 
brilliantly,  being  converted  into  boracic  acid. 

BORON   AND   OXYGEN. 

Boracic  Acid.     B  Os  =  34*939 

When  boron  is  heated  in  air  it  burns  like  tinder,  or  as  above 
stated,  if  heated  in  oxygen,  with  a  brilliant  light,  and  yields  this 
acid.  It  is  obtained  by  evaporating  the  hot  springs  of  Sasso,  in 
Ilalv.  in  a  somewhat  impure  state,  under  the  name  of  Sassoline,  or 
erude  boracic  acid.  It  is  best  prepared  by  dissolving  borax  in 
(bur  parts  of  hot  water,  and  adding  to  the  hot  solution  one-third  of 
(he  weiffht  of  the  borax  of  oil  of  vitriol.  Borax  is  a  borate  of 
•oda ;  the  sulphuric  acid  takes  the  soda,  forming  a  soluble  salt. 
Mid  the  boracic  acid  is  set  free.  Being  very  sparingly  soluble  in 
oold  water,  it  it  deposited  on  cooling,  in  scaly  crystals,  which  are 
a  orystaliied  hydrate  of  boracic  acid  :  B  O3  4"  3  HO.  These 
orystalt  are  purified  by  being  dissolved  in  the  smallest  possible 
quantity  of  boiling  water  after  they  have  been  washed  with  a  little 
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cold  water.     On  cooling,  this  solution  deposites  pure  bydraKd  * 
boracic  acid. 

When  the  crystals  are  hented  to  312°,  they  lose  half  the  water 
tiiey  contain  ;  and  this  is  probably  water  of  crystal liEfttion.  The 
residue  is2B0a  +  3H0;  bo  that  the  originat  crystals  may  be 
represented  as  2  B  Oa  +  3  H  0  -f  3  aq.  When  heated  to  redness, 
the  acid  melts,  and,  on  cooling,  forma  a  transparent  brittle  glass. 
It  19  quite  fixed  in  the  fire  in  close  vessels,  if  dry  ;  but  it  Tolotil- 
izes  readily  with  the  vapor  of  water,  so  that  a  solution  of  boracic 
acid  cannot  be  evaporated  without  notable  lou.  It  is  in  this  way, 
along  with  steam,  that  it  is  brought  from  great  depths  into  the 
springs  in  which  it  is  found. 

Boracic  acid  is  sparingly  soluble  in  cold,  readily  in  hot  water. 
It  is  very  soluble  ia  alcohol,  and  its  alcoholic  solution  bums  vith  a 
flame  mixed  and  tinged  with  pale  green  ;  a  property  characteristio 
of  tlie  compounds  of  boron.  ^ 

It  is  a  feeble  acid,  and  reddens  litmus  slightly  ;  it  colors  tumeric 
brown,  like  alcali.  With  bases  it  forms  salts,  called  borates,  which 
are  for  the  most  part  insoluble.  The  alcaline  borates  alone  are 
soluble.  All  the  salts  of  this  acid  are  very  fusible,  and  promote 
the  fusion  of  other  bodies  when  mixed  with  them.  Hence  borax 
is  much  used  as  a  blowpipe  Sux,  vhich  not  only  promotes  ftui- 
bility,  but  at  a  red-heat  dissolves  silidous  compounds  to  a  clear, 
fusible  glass. 

No  compounds  are  known  of  boron  with  hydrogen  or  nitrogen. 

With  chlorine  boron  combines  when  it  is  heated  in  the  gas,  or 
when  chlorine  is  passed  over  a  red-hot  mixture  of  boracic  acid  and 
eharcoal.  The  tercbloride  of  boron,  B  Cii,  is  a  gas  at  ordinary 
temperatures.  It  has  a  pungent  acid  smell,  and  forms  thick  vapors 
in  the  air.  These  are  the  results  of  its  action  on  the  water  of  the 
atmosphere,  whereby  hydrochloric  and  boracic  acids  are  formed  : 
BCl3,  +  3H0  =  3HCl  +  B0,. 


SOROM  AKD  1 

Terfluoride  of  Boron.    B  Fi  =  66-94. 

Boron  has  a  remarkable  affinity  for  fluorine,  and  when  flaor 
spar  (fluoride  of  calcium)  is  heated  to  redness  with  boracic  acid, 
a  gaseous  compound  is  produced,  analogous  in  composition  «n4 
properties  to  the  tercbloride  of  boron  i  3  Ca  F  +  4  B  0 1  =  3  (  Ca  O, 
BO»)  +  BFj.  The  Sp.  Q.  of  the  gas  is  £-36.  It  instantly 
seizes  on  water,  decomposing  it,  and  thus,  like  the  chloride,  forms 
very  thick  vapors  with  the  moisture  of  the  air.  It  is,  in  fact,  ■ 
very  delicate  test  of  the  presence  of  moisture  in  any  gas. 

When  this  gas  is  absorbed  by  water  to  saturation,  hydroauorie 
acid  and  boracic  acid  are  formed  :  B  Pi  +  3  H  O  =  3  HF  +  B  0*. 


144  siucoM. 

Th«  hydrofluoric  Mid  unitei  with  the  boncic  acid  and  I  eq.  of 
water,  furmingan  acid,  3HF  +  H0,  BOi;  and  thia,  when  acted 
on  by  baaea,  yields  aalti,  the  formula  of  which  i*  3  M  F  +  M  0, 
BO).  UerEeliua  ha*  ahown  that  wfaea  l«rfluonde  of  b<H-oii  ii 
kbaurbcd  by  concentrated  hydrofluoric  acid,  another  compound  is 
formed,  the  formula  of  which  is  H  F  +  B  Fs.  It  is  an  acid,  the 
formula  of  itn  aalu  being  MF+  BFi.  All  itsaalts,  when  heated, 
give  off  terfluuride  of  boron. 

Boron,  when  healed  in  the  vapor  of  aulphur,  bums  and  forms 
a  aulpliide  of  boron,  wbich  ii  a  white  aolid  deeompoeed  by  water, 
with  wbich  it  yields  eulpburetted  hydrogen  and  boracic  acid. 
18.  BiLicos.     8i  =  3a-I8. 

ThU  element  is,  with  the  exception  probably  of  oxygen,  the 
Koat  abundant  of  all  those  which  form  the  solid  maaa  of  our  earth. 
It  occurs,  however,  only  in  a  state  of  combination  with  oxygen, 
u  silicic  acid  or  ailica,  which  is  the  chief  ingredient  of  all  rocks, 
•xoept  limestone,  rock  salt,  and  coal,  and  also  of  all  soils. 

Silicon  is  best  obtnincd  by  heating  potassium  with  ailico-flnoride 
of  potoiwum,  3KF  +  2SiF],  which  with  6  eqs.  of  potassium 
yield*  OKF-H^'-  Water,  dissolves  off  the  duoride  of  pot- 
assium, and  leaves  the  silicon  as  a  dark  brown  powder,  which 
oonUinH  (Hinie  hydriip'n,  and  is  purified  by  exposure  to  &  low  red- 
heat.  Hilii-on  is  infusible,  and  afU^r  having  been  ivnited  in  close 
vessels,  it  is  so  oumpact  ns  not  to  bum  when  heated  even  in  oxy- 
gen. It  is  nut  acted  on  by  any  acid  except  the  hydrofluoric  acid, 
whieh  slowly  dissolves  it.  A  mixture  of  hydrofluoric  and  nitric 
acids  acts  niore  strongly.  AVhen  silicon  is  fused  with  nitrate  or 
carbonate  of  potash,  it  ii  oxidiied  widi  a  smart  deflagration.  It 
ia  heavier  than  oil  of  vitriol. 

SlUOON  AMD  OXTQIH. 

Sitick  Acid.    Si  O*  s  46.319. 

SvN.  Siti(n<  —  This  aiid  is  found  pure  in  rock  crystal,  or  in 
while  i)UHrt*.  Ak>ng  with  small  and  variable  quantities  of  certain 
nielallic  oxides  it  forms  manv  well  known  minerals, — as  yellow 
or  auioke  r\H.'k  crystal  with  oixhJ«  uf  irun ;  af^abr.  jasper.  he&Xn^, 
wnu'liau.  with  ttte  same  metal;  aiuethyst  with  OKide  of  manganese; 
fnme  with  luide  t>f  niekel :  ruae-ottarta  with  torn*  fugitive  cotoring 
mailer ;  upal  atitl  oalowdUny  wiut  watar,  Ac  Ae.  Maaj  aawla 
and  aaadMtuuM  m«  searly  p«utw  siltea.  aiwl  ^Mtrta  rock  wed  fid 
an  ((tute  purv. 

Sihoiu  im'hI  mav  ho  ttblain«d  ia  «  alat*  uf  parity,  froaa  any  sb- 
oiou*  sand,  by  fiuiag  it  with  thrvw  tvr  fowr  pwt*  uJT  earbuaaia  of 
puUah,  dissolviux  the  l\ued  was*  in  walvr.  atJkliM^  hTdiu^bne 
avid,  which  M[<<u-a»ea  ih«  siHe*  m  »  jslhr,  wliwh  »  a'Mnla  of 
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the  acid,  and  evaporating  the  whole  to  dryness.  Water  removea 
from  the  dry  moss  all  soluble  chlorides,  and  leaves  the  silie&, 
which,  when  dried,  ia  a  enow-whiie  powder,  insoluble  in  water, 
and  all  acids  except  the  hydrofluoric  acid.  It  dissolves  in  caustic, 
or  even  carbonated  iilcalics,  with  the  aid  of  heat. 

Slide  acid  combines  with  bases,  forming  silicates,  all  of  which, 
except  those  containing  an  excess  of  the  stronger  alcaliea,  are 
insoluble  in  water.  The  greater  number  of  rocka  and  minerab 
consist  or  silicates,  especially  those  of  alumina,  lime,  magnesia, 
oxide  of  iron,  potash,  and  soda.  The  silicates  of  potash  and  soda, 
when  healed  to  redness,  form  glass,  which,  when  uie  acid  predom- 
inates, is  insoluble,  and  is  the  basis  of  all  ordinary  glass  ;  when  the 
alcali  is  in  excess,  the  glass  is  very  soluble  in  water.  Many  silic- 
ates found  in  nature,  as  the  zeolites,  are  soluble  in  strong  a«lls ; 
but  most  of  them  lose  their  solubility  on  being  ignited.  Many, 
such  as  felspar,  are  not  attacked  by  acids,  even  before  ignition. 

No  compounds  are  known  of  silicon  with  hydrogen  or  nitrogen. 


BILtCOH  WITH   CnLOItlHB  i 

When  silicon  is  heated  in  chlorine  it  bums  and  forms  a  com- 

EounU,  which  is  better  prepared  by  passing  chlorine  over  a  red- 
ot  mixture  of  silicic  acid  and  charcoal:  SiOi  +  Ci  +  Cltia 
aClj  +  3C0.  The  compound,  which  is  called  terchloride  of 
silicon,  condenses  in  the  cold  part  of  the  apparatus  as  a  very  vola- 
tile, pungent,  and  colorless  liquid,  which  decomposes  water,  form- 
ing hydrochloric  and  silicic  acids:  &iCU-f3U0  =  3HCl  + 
Si,  Oj. 

Bromide  yields  an  anologous  terbromide,  SiBr*,  the  properties 
of  which  are  similar  to  those  of  the  terchloride. 

Iodine  is  not  known  to  combine  with  silicon. 

Silicon  and  Fluorine.     Si  Fj  =7822. 

Silicic  acid  is  rapidly  dissolved  by  hydrofluoric  acid,  and  a  gas 
is  produced,  which  is  found  to  be  a  terfluoride  of  silicon  :  Si  Oi  4~ 
3HF  =  3H0  =  aFi.  This  gas  is  best  obtained  by  beatings 
mixture  of  powdered  fluor  spar  and  quartz  with  oil  of  vitriol; 
3  Ca  F  +  Si  Oj  -f-  3  (H  0,  S  Oj)  =  3  ( Ca  0,  S  0,)  +  3  H  0  -H 
8i  Fj.  The  gas  must  be  collected  over  mercunr.  It  is  colorless, 
fuming  strongly  in  the  air ;  its  Sj).  G.  3-66.  It  is  absorbed  by 
water,  and  bydrated  silicic  acid  is  deposited,  while  an  acid  is 
found  in  (be  water,  composed  of  SHF  +  SSiFs.  WiUi  bases 
this  acid  forms  salts,  called  silicofluorides,  the  formula  of  which  is 
SMF-t-S^Fa.  These  salts  are  nearly  all  insoluble,  and  when 
heated  give  off  terfluoride  of  silicon. 

The  aqueous  hydrofluosilicic  acid  is  used  in  chemistry  to  sepa- 
rate potash,  with  which  it  forms  an  insoluble  salt,  from  certain 
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add*,  fueh  a«  chloric  «eid,  bj  which  means  theae  acida  are  ob- 
tained in  the  free  itatr.  It  ia  al«o  used  u  &  leit,  to  diatiDgniah 
between  eompounda  of  barium  and  of  strontium,  as  it  forms  after 
a  short  time  a  crystalline  deposit  in  the  solutions  of  the  former 
base  only. 

Heated  with  sulphur,  silicon  combines  with  it,  forming  a  white 
earthy  compound,  fiiSi.  It  decomposes  water,  yielding  sulphnr- 
eUed  hydri^n  and  silicic  acid ;  SiSa  +  3H0  =  3HS  +  &0]. 


METALS. 
OtNSKAL  Obbbbvations  on  Mxtals. 

-In  the  arrangomont  wo  have  adopted,  all  the  elements  not 
Udiarto  describeu  are  considered  metala,  although  some  of  them 
Mpeoially  araenio  and  tellurium,  are,  in  many  points,  very  anal- 
ogous to  the  metalloids.  The  metals  are  forty-two  in  number, 
exclusive  of  the  three  lately  announced  by  Moaander,  the  two 
unouncod  by  Kose,  and  one  discovered  by  Klaus,  which,  if  estab- 
lished, will  raise  the  numbiT  to  forty-eight.  See  the  list  of 
elements,  v»gv  W. 

A  metal  is  de&ned  to  be  a  body  possessing  (be  peculiar  appear- 
ance ealWd  the  mi'tallic  lustn-,  (which  is  well  illustrated  in  pot- 
lihed  silver  or  in  mercury),  and  capable  of  conducting  well  both 
beat  and  electricity.  All  the  metals  possess  this  conibinHtion  of 
okanietera,  but  in  other  physical  charncten  they  exhibit  great 
TirietT.  W«»  shall  ntUiw  the  following :  Specilic  Gravity,  Hord- 
W)M(  TeuMi-ity,  (^tsitnlity,  and  Volatiliiy. 

1.  Sprt,>iKu' Dnivity.     The  density  of  metals  varies  from  0865 

iwalor  beitig  —  I)  (o  91 :  the  former  being  the  Sf.  G.  of  pxas- 
ium,  the  lallfr  that  of  platinum.  Iridium  is  said  to  be  still  denser 
than  plaiiuum. 

S.  lliu\ltte«s.  i^iimf  ttielals.  as  potassium,  lead,  tin,  silver,  ice, 
ttr«  »)>  »oA  a*  lo  be  easily  cut  with  a  knife  ;  potassium  and  sodium 
OMV  evvK  be  kneaded  in  the  fingers.  Others,  sncb  as  iron, 
i^'iel.  anttatvwy.  Ac.  arv  much  harder :  and  a  few,  such  as  rbo- 
dtwM  and  irt^tium,  rs^ieeially  the  latter,  possess  a  very  high 
detfTve  >,if  haidttes^. 

4.  TetUKilv.  Tlus  pdwertv  is  jxeeeKt  ia  verr  rarkws  degrees 
l«  WMals.  i<Mi<K  as  aBUWMT.  bwaaath.  cob^  kave  »  fittle 
MMeUy  IW  dtey  ate  Mtife  awl  *av  be  powdend:  white  vAam 
■»]r  MbwUtMllM»lhiMWavye.or^wa  iaufjaewvce.  Thoae 
t««  fcna*  vt  toMMIjr.  HMUeabUtiY  awl  daetibv.  an  aot  ahn.va 
f*«porANMl  k>  owe  mmUm  :  br  uW  «UA  caia  obIt  be  bctf  bbu 
phtM «(  »  v*r]t  HAhlMMe  Ai»«»w.  b«tiy.  of  all  ^  w»BwMi 
MMabk  tlw  hMt  aMOMMh  MM  be  dnw*  ««( iM>  vvn- fiw  wkc^ 
aMl  W  uMMf  the  Moal  dia«Ue  «r  iMtak.    Of  ^  wmllmUt 
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metals,  (be  followinjr  are  remarkable  :  lend,  tin,  copper,  palladium, 
pUtinum,  silver,  and  gold.  The  Inst  named  metal  mnj  be  beat 
out  iuto  leaf  bo  fine,  that,  altliougli  quite  entire  and  free  from  ris- 
ible pores,  57  square  inclies  of  tlie  lincst  gold-leaf  will  not  veigh 
more  ibaii  1  grain.  Zinc,  wliicli  is  rather  brittle  at  ordinary  tem- 
peratures, admits  of  being  rolled  into  thin  plates  at  300°  and 
4U0°.  The  most  ductile  metals  are  lead,  copper,  palladium,  iron, 
silver,  gold,  and  platinum.  1  grain  of  gold  may  be  drawn  out 
into  a  wire  550  feet  long,  and  platinum  is  about  6  times  more 
ductile,  according  to  Woilaston.  Iron  wire,  although  not  the 
finest,  is  stronger  than  wire  of  equal  diameter  of  any  other  metal. 

4.  Fusibility,  One  metal,  mercury,  is  liquid  at  all  tempera- 
tures above  —  39"*  F.,  and  below  660°.  Some,  such  as  potassium, 
■odium,  &c.,  melt  at  a  very  moderate  heat :  others,  such  as  lead, 
tin,  &c.,  at  temperatures  below  red-heat;  others  at  a  strong  red 
or  white-heat,  such  as  copper,  silver,  and  gold.  Some,  as  pla- 
tinum, rhodium,  Ac,  reqmre  the  heat  of  the  oxygen  and  hydro- 
gen blowpipe  to  melt  them  ;  and  one,  at  least,  indium,  appears 
to  resist,  when  pure,  even  this  intense  heat. 

fi.  Volatility.  Some  metals  are  very  volatile  compared  with 
others.  Mercury  volatilises  very^  slowly  at  all  temperatures 
above  80°  or  100°  F.,  and  below  iis  boiling  point,  at  which  tem- 
perature, 662°,  it  is  rapidly  converted  into  vapor.  At  the  other 
extreme  is  iridium,  which  is  quite  fixed,  not  even  melting  in  the 
strongest  wbite-heat  yet  known.  The  following  metals  are  con- 
rerted  into  vapor,  or  they  boil,  at  temperatures  varying  from  a 
low  to  A  bright  red-heat :  cadmium,  zinc,  arsenic,  tellurium, 
potassium,  and  sodium.  Most  of  the  others  are  fixed,  although 
some  of  them,  in  the  flame  of  the  oxy-hydrogen  blowpipe, 
appear  to  be  volatilized  in  small  quantity. 

The  chemical  relations  of  metals  are  very  important ;  aud  as 
tliere  runs  ttirougb  the  whole  class  a  great  analog  in  this  respect, 
it  is  advisable  to  describe,  generally,  the  chemical  characters  of 
metals ;  by  which  means  we  ore  enabled  to  render  the  account  of 
the  individual  metals  more  brief,  and  more  easily  remembered. 

Metals  have  powerful  affinities,  especially  for  the  metalloids, 
with  almost  all  of  which  they  combine,  and  frequently  iu  several  ' 
proportions.     In  addition,  therefore,  to  the  important  uses  of  the 
metals,  as  such,  the  useful  applications  of  a  large  number  of 
metallic  compounds  are  of  the  highest  interest  and  value. 

Almost  all  the  metals  have  a  powerful  affinity  for  oxygen,  and 
all  of  them  may  be  made  to  combine  with  iL  In  like  manner  the 
metals  have  strong  affinities  for,  and  may  easily  be  made  to  com- 
bine with  chlorine,  bromine,  iodine,  fluorine,  (to  which  may  be 
added  cyanogen),  as  well  as  sulphur,  selenium,  and  in  many 
cues,  pboaphorous  and  carbon ;  in  a  few,  hydrogen  and  silicon. 
Ifettli  alw  combine  with  each  other.    Owing  to  tbe  ezteonve 


148  BASIC   OXIDES 

nage  of  these  affinitiei,  metals  are  rari'ly  found  uncombined,  or 
tiHlive,  ns  it  is  called,  and  tbe  operations  of  metallurgy  are  0111667 
such  as  are  required  to  separate  metals  from  ihe  compounds  in 
wlitcli  they  occur,  which  are  called  their  oret.  Oxygea  in  the 
fltmo^phDro  and  in  wati^r,  being  far  more  abundnnt  thau  the  other 
metalloid)!,  metals  are  chiefly  found  oxidized,  and  are  therefore 
commonly  extracted  from  the  ores  by  processes  of  deoiidation,  or 
rwluclJon,  as  it  is  termed. 

MZTALS    WITB    OXYGEN. 

Uetals  differ  in  the  degree  of  their  attraction  for  oxygen. 
Some  melala,  such  as  potassium,  rapidly  combine  with  oxygen 
when  exposed  to  the  air,  or  when  brought  in  contact  with  walcr 
or  with  any  other  oxidized  compound.  Others,  such  as  iron,  are 
very  slowly  oxidized  by  exposure  to  the  air  at  ordinary  tempera- 
turei,  and  hardly  act  on  cold  water ;  but  at  a  strong  red-heat 
they  burn  in  the  air,  and  decompose  the  vapor  of  water,  setting 
Iree  hydrogen  gas.  Others  again  combine  with  oxygen  when 
heated  in  air,  but  do  not  decompose  water  at  all,  such  aa  copper. 
These,  aa  well  as  the  preceding,  are  in  general  easily  oxidiied  by 
acids ;  and  their  attraction  for  oxygen  is  such,  that  their  oxides 
once  formed,  are  not  decomposed  by  a  red-beat  alone,  without 
the  help  of  combustible  matter,  finally,  some  metaia,  siich  as 
gold  and  silver,  &c.,  have  much  less  attraction  for  oxygen.  Thev 
ate  not  so  easily  or  directly  oxidized,  and  the  oxides,  once  formed, 
ore  quite  easily  decomposed  by  a  red-beat,  being  resolved  into 
metal  and  oxygen. 

When  metals  combine  yt'nh  oxygen,  they  form  three  classes  of 
oxides. 

IsL  Bases,  or  basic  oxides,  tbe  most  usual  formula  of  which  is 
U  0 ;  such  oxides  are  called  protoxides.  Besides  protoxides,  a 
pretty  numerous  class  of  basic  oxides  has  the  formula  Mi  Oi : 
these  are  sesquioudes.  A  very  few  basic  oxides  have  the  formula 
11  Oi  :  tbese  are  binoxidea  or  dcutoxides.  Potash,  E  0,  is  an 
example  of  a  protoxide;  sesquiozide  of  iron,  Fe>  Oi,  of  a 
■eequioxide  ;  and  deutoxide  of  tin,  Sn  Oi,  of  a  basic  deuioxide. 

All  basic  oxides  tiDrm  neutral  salts  by  combining  with  acids. 
In  all  such  cases  there  is  produced,  besides  the  neutral  salt,  a 
quantiiv  of  water,  the  oxygen  of  which,  according  to  the  most 
probable  view,  is  derived  from  the  metallic  oxide.  Its  hydrogen 
must  therefore  be  derived  from  the  acid,  and  in  the  case  of  the 
bydroffen  acids  with  vrnple  radical :  this  is  admitted  bv  all.  For 
example,  when  poUsh,  K  0,  aots  oa  hydroohlorio  aua,  H  CI,  the 
change  is  uniTenally  admitted  to  be  as  follows : 

KCH-HClKHO-f  KCI. 
That  ii,  Ik*  baaio  oxid«,  and  the  hrdrofteu  ««d,  give  ria«  to  water 
and  to  ohloiide  nt  potMiium,  both  Mutnl  lulMaoces.    Neither 
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bare  ve  any  difficulty  in  adopting  the  Bame  view  in  the  case  of  a 
hjdrogen  acid  with  a  compound  radical ;  for  example,  hydrocyanic 
acid: 

KO  +  HCy  =  HO  +  KCy;  or,  KO+H,  C.  N  =  H  O  +  K,  CiN. 
But  when  we  brin^  potash  in  contact  with  oil  of  vitriol  or 
Btrong  sulphuric  acids,  most  chemisla  are  inclined  to  adopt  a  dif- 
ferent explanntion  of  phenomena  precisely  annlagous.  They  call 
the  acid  hvdmted  sulphuric  acid,  HO,  8  0s,  nnd  express  the 
action  as  followa : 

KO  +  HO,  SO)  =  HO  +  KO,  SO). 

Here,  it  will  be  observed,  the  results  are  quite  Gimitar  to  those 
in  the  preceding  cafics;  namely,  the  separation  of  water,  and  of  a 
neutral  salt,  in  this  case  sulphate  of  potash.  And  yet  we  adopt  a 
different  explanation,  at  least  on  the  older  view  of  acids  and  salts, 
supposing  tiie  water  to  pre-eiist  in  the  acid,  and  to  be  replaced  by 
the  oxide.  As  it  is,  however,  quite  unphilosophical  to  employ 
two  explanations  of  analogous  facts  if  one  will  suEBce,  we  are  thus 
induced  to  prefer  the  newer  view  of  acids  and  salts  formerly 
alluded  to,  which  admits  of  our  ^vin?  the  same  explanation  of  the 
two  cases.  Accordmg  to  this  view,  then,  we  consider  oil  of  vitriol 
a  hydrogen  acid,  U,  SO4,  and  express  the  change  thus: 
KO+H,  SO*=HO  +  K,  8  0*. 

On  comparing  this  with  the  equation  above  (pven  for  the  action 
of  potash  on  hydrocyanic  acid  in  its  second  form,  it  will  be  seen 
that  the  analogy  is  perfect.  Both  acids  and  both  salts  contain  a 
compound  acid  radical,  in  the  one  case  Ci  N,  in  the  other  3  0t  ; 
and  Doth  differ  from  the  acid  and  salt  of  chlorine,  in  the  fact  of 
their  radicals  being  compound,  or  rather  tnown  to  bt  compound : 
for  chlorine  may  very  possibly  be  itself  a  compound  radical, 
although  at  present  we  must  view  it  as  simple,  because  it  is 
undecomposed. 

The  action  of  a  basic  sesquioxide,  and  of  a  basic  deutoiide, 
tya  an  acid,  say  sulphhuric,  is  represented  as  follows,  on  both  the 
different  theories  of  acids : 

Hi  0)  +  3  (H  O,  S  O3)  =  3  H  O  +  Hi  O9,  3  S  O*  ;  or, 

Mt  O)  +  3  (H,  S  O.)  =  3  H  O  +  H.,  3  8  O.. 

H  0«  +  9  (H  O,  B  0»)  =  2  H  O  +  H  Oi,  9  S  O*  ;  or, 

M0.+2(H,S0.)  =  aHO  +  H,3SO.. 

Here  we  see  that,  for  every  equivalent  of  oxygen  in  the  base, 
an  equivalent  of  acid  is  required  to  form  a  neutral  salt;  and  that, 
on  the  new  view,  the  resulting  neutral  salts  are  compounds  corres- 
poadbg  to  the  basic  oxides  from  which  they  are  formed.  Thus 
we  have. 
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M   +0   ■   ■  M    +     SOt.orin  genenl  tniBf,M   +K 

M.  +  0»     .Mi  +  aSO.,  "  "       Mi+K> 

M    +Oi     .  M   +S80t,  "  "       M  +R. 

Such  nre  ihe  most  important  chemical  relatiotu  at  the  basic 

(aides,  which  inclnde,  among  the  protoxidea,  the  strongest  akaliea 

mkI  alenline  earths. 

Znd.  Neutral  or  indifferent  melallic  oxides.  These  appear,  hj 
oombining  with  an  addiLiona]  quantity  of  oxygen,  to  have  lost  the 
basic,  without  ncquirinj;  Ihc  acid  character.  They  commonly 
enler  into  few  combinations  of  any  kind.  Their  composition 
raries,  being  soinclimei  Ui  O4,  and  lometimes  MOi.  Red 
oxide  of  lead,  Pbi  O4,  is  an  example  of  ibe  former ;  h^peroxide 
of  manganese,  UnOi,  of  the  laU«r.  When  heated  with  acids, 
oxyeen  is  given  off',  while  a  basic  oxide  is  formed,  and  acts  on  the 
Bcia  as  above,  forminu  a  neutral  salt.  Thus,  peroxide  of  man- 
ganese, heated  with  oil  of  Titriol,  gives, 

Mn  Of  +  H  O,  8  Ot  =  Mn  O,  S  0*  +  H  0  +  O  ;  or, 
Hn  Oi  +  H,  B  Oi  =s  Hn,  B  0<  +  H  O  4-  O. 

3rd.  Metallic  acids.  These  are  pretty  numerous.  When  the 
•amo  mctnl  forms  n  basic  oxide  and  on  acid,  the  latter  always  con- 
tains more  oxygen.  There  arc  several  different  formula  among 
metallic  acids.  They  are  sometimes  sesquioxides,  ns  Asi  Os, 
arseniuus  acid  ;  sometimes  deuUixidcs,  as  titanic  acid,  Ti  Oi ;  very 
oflen  tcroxides,  as  chromic  acid,  CrOi;  occasionally  }  oxides,  as 
Brseoio  acid,  Asi  Ot ;  and  in  one  case  a  quadroxide,  as  osmic  acid, 
OsO*. 

Metallic  acids,  when  heated,  generally  lose  oxygen,  and  are 
reduced  to  the  basic  oxide  ;  this  takes  place  especially  if  they  are 
heated  with  acids.  Thus,  manganic  acid,  MnOi,  heated  with 
snlphurio  acid,  yields  oxygen  gas  and  neutral  sulphate  of  the 
protoxide  '• 

Mn  O.  +  H  O,  8  Oj  =  Mn  O,  S  O.  +  H  O  +  Oi :  or, 
Mn  Oi  +  H,  8  O.  =  Mn,  S  O4  +  H  O  +  Ot. 

When  we  wish  to  form  metallic  acids,  we  commonly  heat  or 
deflagrntc  the  metal,  or  its  lower  oxides,  along  with  an  alcaline 
niirnti'  or  chlorate,  in  which  case  the  acid  that  is  farmed  remains 
in  combination  with  the  alcali.  Or  chlorine  gas  is  passed  through 
water  in  which  the  oxide,  in  fine  powder,  is  suspended ;  sometimes 
dong  with  an  alcali,  sometimes  done. 

When  our  object  is  to  deprive  metals  of  the  oxygen  with  which 
they  arc  combing,  or  to  reduce  them,  as  it  is  called,  to  the 
metallic  state,  differrnt  methods  are  followed,  according  to  the 
•ttractioa  of  the  metal  for  the  oxygen. 

I.  The  oxides  of  the  noble  metats,  sneb  as  mercuiy,  direr, 
gold,  platinum,  &c.,  are  reduced  by  a  red-heat  aloiie. 
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t.  Tbe  oxides  of  a  large  number  of  metals,  auch  as  copper, 
inn,  tin,  boriam,  or  potassium,  can  only  be  reduced  by  the  uoited 
aoljon  of  heat  and  comboBtible  toatter,  such  as  carbon,  hydrogen, 
Ac.  The  change  is  as  follows:  MO  +  C  =  U+CO;  or,  MO 
+  H  =  M  +  H  0.  In  the  former  case  carbonic  o»ide  gas,  in  the 
latter  water,  is  produced,  and  being  expelled  by  the  heat,  leaTes 
the  metal  pure.  The  use  of  carbon  for  reduction  is  the  fonndatiun 
of  all  the  metallurgic  processes  on  the  large  scale.  As  the  orea, 
bovever,  are  not  pare,  substances  called  fluxes  are  added  to  cause 
the  impurities  to  melt,  forming  a  fltiid  glass,  below  which  the 
melted  meUl  is  found. 

Perhaps  the  most-  powerful  reducing  or  deoxidizing  compounds 
at  a  rcd-ueat  are  the  formiates,  Rnd  cyanide  of  potassium.  The 
formula  of  a  formiate  is  MO,  C>H03=M0  +  H0,  2C0:  so 
that  it  yields  at  a  red-heat  cnrbonic  oxide  gas,  a  body  having 
much  attraction  for  oiygen.  Cyanide  of  potassium  is  K  Cy  =  K, 
Ci  N  ;  and,  as  Liebig  has  pointed  out,  it  combines  the  very  pow- 
erful deoxidising  agency  of  carbon  and  of  potassium.  Its  reduemg 
power  is  very  great. 

3.  The  oxides  of  the  metals  of  some  of  the  alcalies  and  earths, 
whose  attraction  for  oxygen  is  very  strong,  and  which  are  wtili 
difficulty  reduced  in  any  other  way,  are  decomposed  by  a  power- 
ful galvanic  battery  so  as  to  yield  the  metals.  This  is  only  done 
on  a  very  small  scale. 

4.  Many  oxides  in  solution  are  reduced  to  the  metallic  state  by 
other  metals  having  a  stronger  attraction  for  ongen,  which  take 
the  place  of  the  metal  previously  in  solution.  Thus  copper  pre* 
cipitates  silver,  and  iron  precipitates  copper. 

5.  Many  oxides  in  solution,  that  is,  combined  with  acids,  are 
reduced  to  the  metallic  state  by  what  arc  called  deoxidizing  agents. 
Thus  the  noble  metals,  such  as  gold,  platinum,  &a.,  are  reduced 
by  sulphurous,  phosphorous,  and  nypophosphorous  acids  and  their 
salts ;  by  oxalic  and  formic  acids  and  their  salts :  gold,  is  even 

-  reduced  by  hydrogen  ^  and  by  solutions  of  protcnalts  of  iron, 
such  as  green  vitriol.  In  all  these  cases  the  reducing  or  deoxi- 
dizing Agent  is  oxidized  ;  phosphoras  acid,  for  example,  yielding 
phosphoric,  and  protoxide  of  iron  passing  into  peroxide,  at  the 
expense  of  tlie  metallic  oxide. 

The  electrotypie,  in  which  copper,  silver,  gold,  or  platinum,  are 
reduced  to  the  metallic  state  m  such  a  way  as  to  form  coherent 
masses  similar  to  the  hammered  metals,  and  by  which  the  most 
beantifiil  and  perfect  copies  of  medals  may  be  taken,  is  a  process 
depending  partly  on  the  reducing  agencv  of  the  galvanic  battery, 
partly  on  that  of  hydrogen  gas,  which,  mstead  of  escaping  nncom- 
Dined  at  the  negative  ^le,  is  then  oxidised  at  the  expense  of  the 
metaJlic  oxide.  In  thu  process,  which  is  minutely  described  in 
wofca  derotod  to  the  ■iU>jeot,  it  ia  etsential  that  the  electric  evreBt 
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1  different  etstea.     PJating  and  gildin^f  by  this  process  t 
beautiful   appearance,  and  are  perfectly  adapted  for  objects  not 
subjected  to  much  wear  or  friction. 


UrrALS    WITH    HTDROOBH. 


Only  a  few  metals  anil«  with  hydrogen,  and  these  fonn  gaseons 
and  combustible  compounds  not  yet  known  in  a  pure  state,  but 
only  in  a  state  of  mixture  wiih  hydrc^n  gas.  The  following 
metals  only  are  as  yet  known  to  combine  with  hydrt^n:  sine, 
potassium,  arsenic,  antimony,  and  tellurium. 

UBTALS  WITH  mTROOKK. 

Until  lately  inet«U  were  not  known  to  combine  with  this  ele- 
ment :  but  we  are  now  acquainted  with  compounds  of  nitrogen 
with  copper,  chromium,  and  mercury.  These  compoonds  are 
black  or  dark  brown  powders,  which  may  be  obtained  by  passing 
dry  ammoniacal  gas  over  the  oiides  of  the  melals,  gently  heated, 
water  being  at  the  same  time  produced  and  nitrogen  gas  hberated. 
Thus,  when  oxide  of  copper  is  acted  on  by  ammonia,  we  have 
6CuO  +  SNHi  =  6HO  +  KCu. +N.  like  the  compounds 
of  nitiogen  with  chlorine  and  iodine,  these  compounds  are  eauly 
made  to  explode,  tlicir  elemeoia  separating  with  violence,  and  wiUt 
a  flash  of  light,  by  a  gentle  heat  or  friction,  or  percuEsion.  It  is 
possible,  or  mdee<I  probable,  ihnl  fulminaiing  gold  and  silver,  pre- 
Mied  by  the  action  of  ammonia  on  the  oxides  of  these  metals,  and 
Um  expiiwivc  tcndencios  of  which  render  them  so  very  dangerous, 
are  in  reality  the  compounds  of  metals  with  nitrt^n.  These  must 
be  distioguished  from  the  other  fulminating  silver,  which,  like  ful- 
minating mercury,  is  a  compound  of  oxide  of  the  metal  with 
fulminic  acid. 

HXT&LS    AXn    CHLORINE. 

The  aUrnetioB  or  affiniir  between  chlorine  and  metals  is  »ery 
■tmig,  ManT  mcuts,  such  as  poiassium.  copper,  gold,  antimony, 
Ac.,  combine  in*tM*MneouslT  with  chlorine  wiuiout  the  aid  of  heat, 
bat  with  the  (Amomvnn  of  combustion.  Others,  such  as  mer- 
evry,  Ac,  bttra  in  1^kl>>rnle  only  when  they  are  hented  in  the  g^. 
By'comliininjT  with  chKwtne,  metals  give  ri««  to  chlorides,  which 
miy  be  often  mitiv  advanlngeously  fimned  by  other  means  than 
by  direct  conhhiatioa  with  ut«  gns.  Other  meihoda  of  obUuning 
ch)orid<M  an  the  fnltowing : 

I,  Chlorine  gM  bpMaedorer  ih*  oxide  or  ralpliide  of  the  metal 
hentcd  to  rednce*.  in  maiiT  eases  the  ntfinitT  of  ehkitine  prerails, 
and  the  oxygn  er  anlnhnr  w  esprlted :  11 0  +  CI  »  H  CI  +  O. 

S.  HTdroekloric  mm  gM  is  (WMeil  mvr  the  oxide  or  the  solphide 
healed  to  htw  ndnvea.  H*m  the  nMnit;  of  hydrogen  for  oiygw 
or  ralphir,  nddei  to  ihM  of  ehkwin*  tar  Um  Meul,  efcett  ieenm- 
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poaition,  which  chlorine  alone  could  not  accompliBh:  MO  +  HCl 
=  MC!4-H0:  MS  +  HCl  =  MCl  +  Ha 

3.  To  the  solution  of  an  oxide,  in  water  or  in  acida,  hydrochloric 
acid  or  a  aolable  chloride  is  added.  If  the  metal  forma  an  insolnble 
chloride,  that  is  at  once  precipitated,  showing  that  the  change 
moat  be,  as  in  the  case  of  the  dry  gas,  M  0  +  H  CI  =  M  CI  +  HO. 
If  the  metal,  as  in  the  case  of  potassium,  forms  a  soluble  chloride, 
then  the  addition  of  hydrochloric  scid  causes  no  visible  change ; 
hut  on  evaporation,  crystals  are  deposited,  which  are  generally 
found  to  he  of  a  chloride,  and  free  from  oiygen  or  hydrogen. 
Thus,  potash,  KO,with  hydrochloric  acid,  HCI,  undergoes,  in 
solution,  no  change  of  appearance  at  first ;  hut  on  evaporation 
yields  cubical  crystals,  which  are  found  to  be  KCl. 

4.  Some  metals,  as  gold  and  platinum,  are  converted  into  chlo- 
rides by  dissolving  them  in  aqua  regia,  or  nitro- muriatic  acid,  and 
evaporatjng  gently  to  drjaesa  with  an  excess  of  hydrochloric  acid. 
The  dry  residue  is  pure  chloride. 

When  mttaia  are  combined  with  chlorine  they  may  be  reduced 
to  the  metallic  state  by  various  means. 

1.  Some  chlorides  are  reduced  by  heat  alone,  which  expels  the 
chlorine.  This  is  the  case  with  almost  all  the  chlorides  of  the 
noble  metals. 

2.  Other  chloridea  are  reduced  by  the  action  of  another  metal. 
Thus,  chloride  of  platinum  or  chloride  of  silver  is  reduced  by 
means  of  zinc. 

3.  Uany  chlorides  are  reduced  by  hydrogen  gas  at  a  red-heat, 
but  not  by  charcoal,  as  oxides  arc. 

4.  The  chlorides  of  the  noble  metala  are  reduced  hy  boiling 
their  solutions  with  a  formiate ;  those  of  gold  and  platinum  also 
hy  the  protosulphate  of  iron.  Chlorides  may  also  be  reduced  by 
fusion  with  fonniates  or  with  cyanide  of  potassium. 

What  has  been  said  of  the  relation  of  metals  to  chlorine  npplies 
almost  exactly  to  their  relations  with  bromine,  iodine,  fluorine,  and 
cyanogen,  whioh  in  its  combination  with  metals  plays  the  part  of 
a  salt  radical,  entirely  analogous  to  chlorine. 

The  chlorides,  bromides,  iodides,  and  cyanides  of  metals  are 
true  salts,  for  the  most  part  neutral  salts.  Indeed,  sea-salt,  the 
type  of  all  salts,  is  chloride  of  sodium,  Na  CI.  None  of  these 
compounds  possess  decided  acid  or  baaic  characters;  but  the  chlo- 
rides, &c.,  are  capable  of  combining  together  and  forming  double 
chlorides,  Ac,  which  have  been  compared  hy  Bonsdorff  to  oxygen 
salts.  Thus  viewing,  as  he  did,  chromate  of  potash,  KO,  C  O3, 
aa  an  oxygen  sail,  he  viewed  the  following  compound,  KCl,  Hg 
CI),  aa  B  chlorine  salt.  The  former  contains,  according  to  him, 
ui  oxygen  add,  CrOa,  and  an  oxygen  base,  KO;  the  latter,  a 
chloriae  uid  (bichloride  of  mercury),  HgCll>,  and  a  chlorine 
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baae,  K  CI,  (chloride  of  potasHum).  But  it  is  to  be  obMrred  that 
neither  K  CI  nor  Hg  Cli  have  basic  or  acid  propertiea  ;  they  are, 
on  the  contrary,  neutral  salts,  and,  according  to  uie  more  probable 
views  DOW  bezianing  to  preroi)  aa  to  the  true  nature  of  salts, 
which  are  considered  compoundB  of  taetala  with  salt  radicals,  the 
compound  K  CI  -|-  HgClj  is  viewed  as  a  double  salt.  The  same 
view  applies  to  a  large  number  of  analogous  double  chlorides, 
bromides,  iodides,  fluorides,  and  cyanides. 

HBTALS    WITH    SITLPHDIt. 

All  the  metals  are  capable  of  combining  with  sulphur,  and  many 
metallic  sulphides  are  found  native  :  those  of  iron,  copper,  lead, 
antimony,  zinc,  and  btemnth  in  abundance :  those  of  mercury, 
silver,  cadmium,  and  some  others,  more  sparingly. 

Most  metals  when  heated  along  with  sulphur  combine  with  it ; 
but  in  many  cases  sulphides  are  obtained  by  the  action  of  sulphur 
compounds  on  the  oiides,  or  by  the  deoiidaUon  of  sulphates. 

t.  When  an  oiide  is  exposed  to  the  action  of  sulphuretted 
hydrogen  gas,  aided  by  heat,  water  and  a  sulphide  are  formed, 
HO  +  HS  =  HO  +  MS.  The  same  change  takes  place  when  a 
■olnlion  of  sulphuretted  hydrogen  or  a  current  of  the  gas  is 
made  to  act  on  solutions  of  oxides  in  acids.  The  sulphides  of  the 
following  metals  may  be  thus  obtained,  being  all  insoluble  in  water: 

Group  I.  Metals,  the  oiides  of  which,  in  acid  solutions,  are 
precipitated  as  sulphides  by  sulphuretted  hydrogen. 

Color  erPreciplUta. 

.   Black. 

.   Black. 

Gold Black. 

Tin,  protoxide  .  Brown. 


Mebl).  Color  of  Freclpitils 

Cadmium Orange. 

Lead Black. 

Bismuth Black. 

Copper .  Black. 

Silver    .......  Black. 

Hercury Black. 

Palladium Black. 

Rhodium Black. 

Osmium Black. 

Tellurium Yellow. 


Tin,  peroxide    ,  Yellow. 

Antimony  .   .    .  Reddish-oranKe. 

Molybdenum'.    .  Brown  or  Red. 

Tungsten  .   .    .  Brown. 

Vanadium  .   .    .   Dark  brown. 

Arsenic  ....  Orange-yellow. 

The  other  metals  are  not  precipitated  by  sulphuretted  hydrogen, 

but  the  following  yield  sulphides  when  their  oxides  in  solution  are 

acted  on  by  bydrosulphide  of  ammonia  (sulphide  of  ammonium), 

or  by  a  soluble  metallic  sulphide  : 

Orouf  II.  Metals,  the  oxides  of  which  are  precipitated  as  sul- 
phides by  soluble  sulphides,  although  not  by  sul^uretted  hydrogen. 

Hotili.  Color  of  Pr«dpil>ta.[        !£«■]>.  Color  of  Frae^llMa. 

Manganese    .   .   .  Flesh  color.     Cobalt Black. 

Iron Black.  Nickel Black.* 

Zinc White.  I 

•  Alamloa  li  pieelpltatad  wUts  by  aolabU  •ulphldti,  bat  Ihs  piwlpltala  Is 
not  (Qlphlds  of  the  nwUl,  bat  only  aydtattd  oxloa. 
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Ibe.  remainiDg  metolt)  those  of  the  itlcalieB  and  aarthB,  form  s 
lliird  group,  (Le  sulphides  of  which  being  soluble  do  not  appear  as 
predpitate. 

2.  When  a  sulphate  of  a  metallic  oxide,  M  0,  SOs.orM.SOi, 
is  acted  on  by  hydrogen  or  carbon  at  a  stroog  red-heat,  it  is 
entirely  deoxidized,  and  the  sulphide  of  tlie  metal  is  left,  Thus, 
if  sulphate  of  barf ta,  KO.SOi,  or  K,  SOt,  be  mixed  with  about 
one-sixth  of  its  weight  of  charcoal,  and  exposed  for  two  hours  to 
a  bright  red'hcBt  in  a  vessel  closed,  except  where  a  small  aperture 
ia  left  for  the  escape  of  gaseous  matter,  carbonic  oxide  is  given  oGF 
and  sulphide  of  barium  is  left :  Ba  0,  SOi  +  Ct  =  4  CO +  BaS. 

The  sulphides  of  each  metal  are  commonly  equal  in  number  and 
analogous  in  composition  to  its  oxides.  Metallic  aalphides  unite 
tozether,  as  oxides  do,  and  produce  double  sulphides  or  sulphur 
salts,  which  are  closely  analogous  to  oxygen  salts. 

Thus  we  have. 


With  Molybdenu 

m'¥oor+  'lib 

MoS.+    K 

With  Arsenic   . 

.     AaO,+    KO 

A9S)+    K 

.     As  0.  +  3  K  O 

AsS<  +  3KI 

Of  course,  if  we  view  the  oxygen  salt,  Aa0i,3KO,  for 
example,  as  acompoundof  amelal  wichasali-radical.  As  Oi,  Ej, 
the  corresponding  sulphur  salt.  As  Si,  3ES,  becomes  As  Si, 
E  ■ .  The  analogy  between  tlie  compounds  of  sulphur  with  metals, 
and  those  of  oxygen  with  ihe  same  bodies,  has  been  shown  by 
Berselius  to  be  very  complete. 

With  selenium  and  tellurium  metals  form  compounds  very 
analogous  to  the  sniphides. 

With  phosphorus  some  metals  combine  and  yield  componnda 
called  phosphides,  few  of  which  are  known.  The  alcaline  phos- 
phides, as  those  of  barium  and  calcium,  yield  by  the  action  of 
water  phosphuretted  hydrogen  gas,  which  takes  fire  spontaneously. 

Metals  combine  in  several  cases  with,  carbon,  forming  compounds 
which  are  called  carbides.  They  are  generally  brittle  solids,  and 
the  only  useful  carbides  are  those  of  iron,  which  are  two  valuable 
compounds,  steel  and  cast  iron. 

As  all  the  compounds  of  metals  with  chlorine,  bromine,  iodine, 
fluorine,  sulphur,  and  selenium,  contain  alon^  with  the  metal  a 
radical  which  forms  an  acid  by  combining  with  hydrogen,  while 
the  metal  generally  forms  a  base  with  oxygen,  the  question  arises 
what  takes  place  when  such  metallic  compounds  are  dissolved  in 
water  ?  Does  the  metal  seize  the  oxygen,  and  Uie  radical  the 
hydrogen  of  an  equivalent  of  water,  and  do  the  acid  and  base  thus 
produced  combine  together? 

In  the  case  of  an  insoluble  chloride,  such  as  thai  of  silver, 
we  know  that  the  hydrochiorio  acid  does  not  combine  with  the 
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oxide  when  both  are  mixed  in  solution,  for  the  precipitate  is  found 
to  be  Ag  CI.  Here  the  oxygen  of  the  base  and  the  hjdrogen 
of  the  acid  must  have  formed  water :  Ag0+HC1  =  H0  + 
AgCl. 

But  when  hydrochloric  acid*  H  CI,  is  mixed  with  potash,  K  O, 
or,  what  comes  to  the  same  thing,  when  chloride  of  potassium, 
K  CI,  is  dissolved  in  water,  what  is  the  compound  present  in  the 
liquid?  Is  it  K  CI  simply  dissolved  as  such?  or,  is  it  a  salt,  K  O 
+  H  CI  ?  We  know  that  the  liquid,  if  evaporated,  yields  crystals 
of  K  CI,  but  it  is  possible  that  this  compound  may  be  formed  by 
the  force  of  cohesion  when  it  crystallizes,  and  may  not  be  pre- 
viously present. 

The  general  opinion  of  chemists  is,  that  in  most  cases  soluble 
chlorides,  sulphides,  dec,  dissolve  as  such  in  water ;  but  that 
in  some  cases  the  hydrogen  acid  does  appear  to  combine  with  the 
oxide. 

If  K  CI,  in  dissolving,  decomposes  water,  and  forms  K  O  +  H 
CI,  then  we  must  admit  that  in  the  act  of  crystallizing,  when  K  CI 
separates,  water  is  anrain  recomposed.  These  continual  decompo- 
sitions and  recompositions  of  water,  without  any  visible  change  of 
properties,  are  so  improbable  that  in  most  cases  we  cannot  admit 
their  occurrence. 

But  there  are  cases  in  which  the  solution  of  a  chloride,  &c.,  is 
attended  with  a  change  of  properties.  Thus,  chloride  of  magne- 
sium and  chloride  of  alummum,  when  dissolved  in  water,  cannot 
again  be  obtained  in  the  anhydrous  form.  On  evaporation  oxide 
o?  magnesium  or  of  aluminum  are  lefk,  while  hydrochloric  acid 
escapes.  Again,  dry  sesquichloride  of  chromium  is  peach-colored, 
but  Its  solution  is  deep  green,  the  color  of  all  solutions  containing 
*  sesquioxide  of  chromium ;  dry  chloride  of  cobalt  is  blue,  and  its 
solution  is  pink,  like  all  solutions  containing  oxide  of  cobalt. 

In  these  and  a  few  more  similar  cases,  we  can  hardly  doubt 
that  water  is  decomposed  when  a  chloride,  &c,,  is  dissolved  ;  but 
in  the  great  majority  of  cases  we  have  no  evidence  of  this ;  and 
therefore,  it  may  be  laid  down  as  a  general  rule  that  chlorides  and 
analogous  compounds  dissolve  as  such  in  water,  and  that  hydro- 
gen acids  mutually  decompose  metallic  oxides,  Yielding  water  and 
compounds  of  the  metal  with  the  radical  of  the  hydrogen  acid. 
To  this  rule  there  are  some  exceptions ;  some  chlorides,  &c.,  in 
dissolving,  decompose  water,  producing  a  hydrogen  acid  and  an 
oxide ;  and  hydrogen  acids  are  capable  of  comDining  with  some 
oxides  without  mutual  decomposition,  the  compounds,  however, 
not  being  very  stable. 

MBTALS   WITH   MXTAL8. 

MetaU  are  capable  of  combining  together,  and  forming  com- 
pounds which  retain  the  metallic  character,  and  many  of  which 
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are  highly  useful.  The^  are  called  alloys,  except  where  mercury 
is  one  of  the  metals,  when  they  receive  the  name  of  amalffami. 
Thus,  brass  is  an  alloy  of  copper  and  zinc  ;  pewter  an  alloy  of  lead 
and  tin  ;  German  silver  an  alloy  of  copper,  zinc,  and  nickel.  The 
metal  used  for  siWeriDg  the  backs  of  mirrors  is  an  amalgam  of  tia 
and  lead  ;  that  is,  it  contains  mercury  with  these  metals.  The 
alloys  will  be  briefly  described  hereafter. 

The  progress  of  modem  chemistry  has  added  largely  to  the 
number  of  the  elementary  metals.  Before  the  middle  of  last  cen- 
tury the  metals  known  were  only  such  as  had  long  been  used  in 
the  arts  or  in  medicine,  and  did  not  exceed  twelve  in  nnmber 
From  that  period  many  new  metals  were  gradually  discovered  in 
the  mineral  kingdom;  and,  in  1807,  Davy's  discovery  of  the 
metals  of  the  alcaUea  at  once  added  a  numerous  class  of  metals  to 
the  list.  Wollaston  and  Smithson  Tennant  had  previously,  in  1 803, 
discovered  the  four  remarkable  metals  associated  with  platinum  tn 
its  ores.  The  whole  number  of  ascertained  metals  is  now  forty- 
two  ;  and  within  the  last  year  or  two,  Mosander  has  announced  the 
discovery  of  three  new  metals,  accompanying  cerium  and  yttrium. 
Rose  that  of  two,  associated  with  columbium,  and  Klaus  that  ot 
one  more  in  the  ore  of  platinum.  These,  if  established,  will  raise 
the  number  to  forty-eignt. 

In  considering  the  metals  individaalty,  we  shall  arrange  them 
in  groups  or  classes,  according  to  their  affinities  for  oxygen  and  to 
their  chemical  relations. 

Class  I.  includes  twelve  metals,  subdivided  into  three  well- 
marked  orders. 

Order  1.  Uetak  of  the  alcalies  proper,  namely. 

Potassium.  Bodium.  lithium. 

These  metals  have  so  strong  an  affinity  for  oxygen  that  they  are 
rapidly  oxidized  by  exposure  to  the  air,  and  decompose  water  with 
violence,  disengaging  hydrogen  gas,  which  generally  takes  fire. 
Their  oxides  are  powerful  bases  or  alcalies,  very  soluble  in  water 
and  very  causde. 

Order  2.  Metals  of  the  alealine  earths,  namely. 

Barium.         Strontium.         Calcium.         Hsgnesium. 

These  metals  have  also  a  very  strong  affinity  for  oxygen,  and, 
except  magnesium,  they  decompose  water  at  ordinary  temperatures, 
but  without  flame.  Their  oxides  are  powerful  bases,  but  less 
soluble  and  caustic  than  the  alcalies ;  indeed,  oxide  of  magnesium 
b  insoluble.  As  they  are  thus  intermediate  between  the  alcalies 
and  the  earths  proper,  they  are  called  alealine  earths. 

Ordw  3.  Metala  of  the  earths  proper,  namely. 

Aluminum.  Glucinnm.  Yttrium. 

Thorium.  Zirconium. 
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These  metala  do  not  decompose  water  ftt  ordinarj'  temperatares, 
bat  bum  in  air  when  hented,  furming  oxides,  which  are  less  pow- 
erful bases  than  the  preceding ;  tind  being  (]uilc  insoluble  in  water 
and  earthy  in  aspect,  they  are  called  the  earths. 

Class  II.  bcludes  thirty  meUla  ;  which  are  also  subdivided  into 
three  orders.  All  these  metals  combine  with  oiygen,  and  iu  gen- 
eral their  protoxides  are  insoluble  and  of  an  earthy  aspect,  but 
colored,  and  liave  basic  characters,  in  many  cases  rery  powerrul. 
A  considerable  number  of  these  metals  form  acids  with  a  larger 
proportion  of  oxygen.  This  class  contains  all  the  heavy  metals, 
and  all  those  which,  from  their  malleability,  ductility,  &a.,  hare 
long  been  used  by  mankind. 

Order  1.  Metals,  the  protoxides  of  which  are  powerful  bases, 
but  which  do  not  decompose  water  unless  with  the  aid  of  a  red- 
beat:  namely. 

Manganese.  Tin.  Cobalt 

Zinc.  Cadmium.  NicbeL 

Order  2.   Metals  which  do  aot  decompose  water  at  any  t«m- 

Eeratore ;  but  the  oxides  of  which,  once  fonned,  cannot  be  reduced 
J  heat  alone  :  namely, 

ColurabiuiD. 
Antimony. 
Uranium. 
Cerium  1 
Lantanium ' 


Bismuth. 

Titanium. 

Tellurium. 

Copper. 

Lead. 


Arsenic. 
Chromium. 
Vanadium. 
Molybdenum. 
Tungsten. 

It  is  doubtful  whether  cerium  and  lantanium  do  not  belong  to 
the  preceding  order,  to  which  also  belong,  in  all  probability,  the 
three  new  metals  of  Uosander —  Didymium,  Erbium,  and  Terbium. 
Order  3.  Metals,  the  affinity  of  which  for  oxygen  is  so  feeble 
that  their  oxides  are  reduced  by  a  red-heat :  namely. 
Mercury.  Platinum.  Osmium. 

Silver.  Palladium.  Iridium. 

Gold.  Rhodium.  Ruthenjoml 

Owing  to  the  comparatively  feeble  affinity  for  oxygen  of  these 
metals,  they  have  no  tendency  to  rust  when  exposed  to  llie  air,  as 
iron  does,  for  example,  from  its  strong  attraction  (or  oijgen 
Hence  they  retain  the  brilliant  lustre  of  Ineir  polisbed  rai&ott,  and 
do  not  wear  by  exposure  to  the  air.  Tlgey  are  therefore  often 
called  the  noble  or  precious  metals. 

We  now  proceed  to  the  description  of  the  separate  metal*,  which 
may  be  made  reiy  brief  in  consequence  of  our  bavinff  so  miniitoly 
described  llie  general  clieniical  characters  of  melallic  bodies,  the 
analogy  among  wbicli  is  so  great  that  tlie  dqaoripUPS  of  0 
appGcable,  viui  but  Ettle  change,  to  tlw  tt*^ — 
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METALS.— CLASS   L 
Ordkr   1.  —  Metals  of  thb  Alcalibb  Pbofir. 

14.  Potassium.  K  =  39-16. 
Sth.  £alitim.  —  This  metal  occurs  cliieflj  id  the  ashes  of  land- 
plaDla  as  oxide  of  potash  united  to  carbonic  acid  ;  il  is  also  found 
u  chloride  in  the  ashca  of  s«a-plRnts.  Many  abundant  rocks,  such 
u  felspar  (nilh  all  its  derivatives,  such  as  clajs),  and  mica, 
besides  inany  simple  minerals,  contain  potash  in  considerable 
qnantitj.  It  is  contained  also  in  most  fertile  soils,  bein^  necessary 
to  the  growth  of  plants,  in  the  fonn  of  potash.  Potassium  was 
discovered  in  1B07,  by  Davy,  who  obtained  it  by  the  action  of  a 
powerful  galvanic  battery  on  hydrate  of  potash,  K O,  HO.  At 
the  negative  pole  oxygen  was  given  off,  and  at  tbe  positive  pole 
appeared  hydrogen,  derived  from  the  water  of  the  hydrate,  along 
with  the  globules  of  a  metal  resembling  mercury,  which  took  6re 
ia  tbe  air  and  burnt,  reproducing  potash.  This  expensive  and 
troublesome  method  has  long  been  abandoned,  and  potassium  is 
now  prepared  by  the  action  of  charcoal  at  a  white  beat,  on  car- 
bonate of  potash,  K  O,  C  Oi . 

A  mixture  of  carbonate  of  potash  with  finely  divided  charcoal 
il  first  prepared  by  igniting  cream  of  Tartar  in  a  covered  crucible, 
which  leaves  such  a  mixture,  well  known  as  the  black  flux.  This, 
while  still  warm,  is  mixed  with  a  considerable  proportion  of  char- 
coal in  coarse  powder  and  small  fragments  recently  ignited,  and 
allowed  to  cool  in  a  covered  crucible.  The  whole  is  now  intro- 
duced into  one  of  the  hammered  iron  bottles  used  for  holding 
mercury,  coated  outside  with  a  mixture  of  sand  and  clay.  The 
bottle  is  placed  horizontally  in  a  wind  fiimace,  and  a  short  wide 
tube  of  iron  is  fitted  to  it,  to  which  tube  is  attached  a  copper 
receiver,  partly  filled  with  good  naphtha,  and  having  a  diaphragm 
of  copper,  and  on  the  further  dde  of  the  receiver  an  aperture  for 
the  escape  of  gas,  oppoute  the  tube  of  the  bottle :  so  that,  if  neces- 
sary, a  strong  steel  rod  may  be  introduced  through  this  aperture 
and  another  m  the  upper  part  of  the  diaphragm  into  the  tube,  for 
1^  pnrpoae  of  cleaning  it  out  as  it  is  apt  to  become  choked.  The 
receiver  with  the  napththa  being  surrounded  with  ice,  a  steady 
ted  uniform  strong  red  or  white-heat  (by  means  of  dry  wood,  the 
fluu  of  which  plajB  all  round  the  bottle,)  is  appUed  to  the  bottle, 
Md  afier  a  time  potastium,  which  is  known  by  the  appearance  of 
j^  , .  i|B^  Stmo  «t  the  month  of  tbe  tube,  distils  over,  accompanied 
Hii  'WhtMrtaniB  oxids  gu,  and  with  a  gray  powder,  which  is  the 


ta.  whiah  proteoU  it  from  th«  action  of  the  a 

,  it  ia.n-diatilled  in  a  small  iron  retort  along  with 
pi*  ft  TCcaiTer  containing  that  liquid. 
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In  this  process  the  carbon  deprives  the  oxide  of  potassium  and 
the  carbonic  acid  of  their  oxygen,  forming  carbonic  oxide  gas : 
K  O,  C  O2  +  Ca  =  K  +  3  C  O.  Were  this  all,  we  should  have  no 
other  product  but  potasisium  and  carbonic  oxide.  Unfortunately, 
however,  carbonic  oxide  at  a  red-heat  enters  into  combination 
with  potassium,  forming  the  sray  powder  above  mentioned ;  the 
composition  of  which  is  7  C  O  +  Ks  =  Ct  O7,  Kj.  If,  therefore, 
we  consider  the  products  obtained  from  4  eqs.  of  carbonate  of  pot- 
ash, they  ought  to  be  as  follows,  if  the  gray  compound  were  not 
formed:  4(K0,  COa)  +  Ct  =  K4  +  12C0.  Instead  of  obtain- 
ing 4  eqs.  of  potassium,  however,  from  4  eqs.  of  carbonate,  we 
only  obtain  1  eq.  as  metal,  the  remaining  3  eqs.  combining  with 
carbonic  oxide  to  form  the  gray  powder:  K4  +  12  C  O  =  (Ct  Ot, 
Ks  )  +  6  C  0  +  K.  This  is  the  reason  why  the  above  process  is 
not  nearly  so  productive  as  might  be  expected.  The  gray  powder 
must  be  kept  under  naphtha,  as  it  is  liable  to  be  altered  if  exposed 
to  the  air,  and  especially  to  take  fire  and  explode,  if  moistened 
with  water.  (This  compound,  by  the  slow  action  of  the  air,  is 
converted  into  a  very  remarkable  salt,  rhodizonate  of  potash,  to  be 
hereafter  mentioned,  when  carbonic  oxide  is  treated  of  as  a  com- 
pound radical.) 

Potassium  is  a  metal  of  a  bluish-white  color,  and  a  high  degree 
of  metallic  lustre,  so  that  a  melted  portion  of  it,  under  naphtha, 
resembles  mercury  or  melted  silver.  At  ordinary  temperatures, 
it  is  so  soft  as  to  yield  easily  to  the  finger.  At  150^  it  is  quite 
fluid,  and  if  cooled  to  32^,  it  becomes  brittle.  At  a  low  red-heat 
it  boils,  and  may  be  distilled  unchanged.  Its  Sp.  G.  is  0*865,  so 
that  it  floats  on  the  surface  of  water. 

When  exposed  to  the  air  it  is  instantly  tarnished  by  the  forma- 
tion of  a  film  of  oxide  ;  and  after  a  short  time  the  whole  is  oxid- 
ized and  converted  into  a  white  solid  oxide,  which  soon  attracts 
water  from  the  atmosphere.  Potassium  must  therefore  be  kept 
under  naphtha,  a  liquid  containing  no  oxygen.  When  heated  in 
the  air,  potassium  takes  fire,  and  bums  with  a  beautiful  pink  flame, 
oxide  being  formed.  80  powerful  is  its  affinity  for  oxygen,  that 
when  thrown  on  the  surface  of  water,  it  instanUy  decomposes  it, 
with  so  much  disengagement  of  heat  as  to  set  fire  to  the  hydrogen 
gas  which  is  separated:  K-fHOssKO  +  H.  The  hydrogen 
burning  causes  the  potassium  also  to  bum,  combining  with  the 
oxygen  of  the  air,  and  the  globule  swims  about  until  it  is  con- 
sumed, burning  on  the  surface  of  the  water  with  a  beautiful  pink 
flame.  The  same  phenomenon  appears  if  the  metal  be  placed  in 
a  small  hollow  on  the  surfiace  of  a  piece  of  ice,  when  it  instantly 
bursts  into  flame. 

The  affinity  of  potassium  for  oxygen  and  the  other  metalloids  is 
so  powerful  that  it  has  been  the  means  of  isolating  many  metals 
and  some  metalloids,  whose  attraction  for  oxygen,  Ac.,  is  too 
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■trong  to  be  oreroome  b^  the  luual  means.  Tbns  potasmnin 
decomposes  the  oxides  or  cblorides  of  aluminum,  fftncmnm, 
vtoium,  thoriam,  aod  lireoniam,  and  the  boradc  and  ailicio  adds. 
It  is,  conseqnentlTi  a  very  powerful  instrument  of  reeeareh. 

Tbe  ccHnpounds  of  potassium  to  be  bere  described  are  those 
wbieb  it  forms  with  the  metalloids. 

POTASaiDH    AKD    OXTOKH. 

Pottusinm  forms  two  compounds  with  oxygen,  aprotoxide,  K  O, 
and  a  peroxide,  KOi. 

a.  Protoxide  of  Potassium.     K  O  =  47.163. 

This  oxide  is  only  formed  when  potassium  is  osidiied  in  dry 
air,  or  oxygen,  it  is  a  wliito  powder,  wbtcb  rapidly  Absorbs 
mwBture  {roca  the  air,  and  deliquesces.  It  is  now  oonTerted  into 
the  usual  form,  namely,  hydrated  oxide  of  potassiiim,  or  bydrtUe 
of  potasb. 

Sin.  Cau^ie  Pota»h:  KO,  H  0  =  66-176.  — This  important 
compound  is  best  prepared  by  acting  on  pure  catbouate  of  potasb, 
dissolved  in  water,  so  as  to  deprive  it  of  carbonic  add.  Two  partn 
of  cu'l>onate  ore  dissolved  in  twenty  of  boiling  water  in  an  iron 
pot,  and  one  part  of  quick-lime,  being  previously  slaied  by  twver- 
mg  it  witb  boiling  water,  so  as  (o  form  a  bind  of  cream  of  slalied 
lime,  is  added  to  tbe  boiling  liquid  in  small  portions,  the  mixture 
being  allowed  to  boil  a  minute  or  two  after  each  addition.  When 
all  ue  lime  bos  been  added,  tbe  whole  is  to  be  boiled  for  five 
minutes,  care  being  taken  to  keep  up  the  original  quantity  of 
water ;  since  with  Wb  water  tbe  potsab  actually  takes  back  the 
carbonic  acid  from  tbe  lime.  Tbe  vessel,  which  ought  to  be  more 
deep  than  wide,  is  then  covered  up  with  its  lid,  and  allowed  to 
stand  for  twenty-four  hours.  At  the  end  of  that  time,  if  the  above 
directions  have  been  exactly  followed,  ^|  of  the  liquid  may  be 
decanted  off  perfectly  clear  and  colorless.  Thu  Is  a  pure  solution 
of  potash ;  and  to  obtain  the  hydrate,  we  have  merely  to  boil  it 
rapidly  down,  in  a  clean  deep  iron  Or  silver  vessel,  till  the  residue 
flows  like  oil.  It  is  then  poured  out  on  a  plate  of  silver,  and,  on 
cooling,  broken  up  into  fr^ments,  and  preserved  in  well  stopped 
bottles. 

In  the  above  process,  tbe  lime  deprives  the  carbonate  of  potash 
of  its  carbonic  acid,  forming  an  insoluble  carbonate  of  lime  :  U  0, 
CO>-f  CaO,HO=CaO,COi  +  KO,HO.  By  slaking  the 
lime  with  hot  water,  it  falls  to  lo  fine  a  powder  that  every  particle 
acts,  and  we  are  thns  enabled  to  use  very  little  more  than  tbe 
atomic  proportion  of  quick-lime,  which  would  be  about  28  to  69, 
inMead  of  1  to  2,  or  28  to  66,  as  we  employ.  Again,  by  adding 
tbe  lime  gradually,  and  constandy  boiling,  the  carbonate  of  lime 
I  a  very  dense  form,  and  settles  perfectly  to  the  bottom ; 
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whereas  if  the  lime  were  all  added  at  once,  it  would  yield  a  very 
bulky  carbonate,  from  which  the  solution  of  potash  would  be  with 
difficulty  separated.  By  allowing  the  liquid  to  clear  in  the  cov- 
ered vessel,  we  avoid  filtration,  and  consequently  the  bringing  the 
potash  in  contact  with  the  air,  from  which  it  absorbs  carbonic 
acid,  and  is  re-converted  mto  carbonate.  So  effectual  is  the  above 
process  that  the  decanted  liquid  does  not  effervesce  with  acids,  if 
carefully  prepared ;  and  if  it  be  rapidly  boiled  to  dryness,  the 
solid  hydrate  may  be  also  obtained  free  from  carbonic  acid. 

The  hydrate  of  potash  is  so  valuable  a  re-agent  to  the  chemist, 
that  I  have  described  minutely  the  best  method  of  preparing  it, 
which,  as  generally  happens,  is  also  the  most  simple.  The  solu- 
tion, or  aqua  potass8e,  is  daily  used  in  the  ultimate  analysis  of 
organic  bodies  to  absorb  carbonic  acid  ;  and  for  this  purpose,  as 
well  as  for  many  others,  it  is  obtained  sufficiently  pure  from  the 
pearlash,  or  impure  carbonate  of  potash  of  commerce.  The  pearl- 
ash  is  to  be  treated  precisely  as  the  pure  carbonate  in  the  above 
process  ;  and  the  decanted  solution  of  caustic  potash  is  to  be  boiled 
down  until  crystals  begin  to  form  in  the  boiling  liquid,  which  is 
Uien  allowed  to  cool  in  well  stopped  bottles  of  green  glass.  The 
crystals  are  sulphate  of  potash,  a  salt  present  in  the  pearlash, 
which  is  insoluble  in  a  strong  solution  of  caustic  potash.  On  cooling, 
therefore,  the  whole  of  the  sulphate  crystallizes  out,  so  that  not 
a  trace  is  left  in  the  liquid.  The  clear  liquid,  decanted  from  the 
crystals,  now  contains  no  impurity,  except  chloride  of  potassium, 
which,  for  most  purposes,  is  of  no  importance.  It  has  a  Sp.  G.  of 
1-25  to  1'35,  and  is  ready  for  use  in  organic  analysis.  If  boiled 
to  dryness,  it  yields  a  hydrate  of  potash,  far  purer  than  the  hydrate 
of  commerce,  inasmuch  as  it  is  free  from  sulphate. 

Hydrate  of  potash  cast  into  small  sticks,  is  much  used  by  sur- 
geons as  a  powerful  caustic.  The  chief  objection  to  its  use  is,  that 
owing  to  its  attraction  for  water,  it  deliquesces,  and  spreads  farther 
than  IS  intended.  But  in  careful  hands,  it  is  easily  managed,  and 
is  often  used  in  preference  to  the  knife,  for  opening  ^andular 
swellings,  such  as  buboes,  which  have  suppurated.  When  thus 
opened,  and  when  the  caustic  has  been  applied  to  the  inner  surface 
of  the  cavity,  they  appear  to  heal  better  than  when  opened  with 
the  lancet.  In  chemistry,  hydrate  of  potash  is  much  used  for  the 
decomposition  of  minerals,  by  fusion  with  them,  and  for  drying 
certain  gases. 

The  solution  of  potash,  aqua  potass8e,  or  liquor  potassse,  has  the 
acrid  corrosive  taste  of  the  hyarate ;  and  when  rubbed  between 
the  fingers,  rives  them  a  soapy  feel,  forming,  in  fact,  soap  with  the 
oil  of  the  skin.  It  turns  infusion  of  red  cabbage,  of  violets,  dah- 
lias, Ac,  green,  and  restores  the  blue  of  litmus  reddened  by  acids. 
It  is  powerfully  alcaline,  or  basic,  neutralizing  all  acids.  Its  great 
attraction  for  carbonic  acid  has  been  already  mentioned  as  the- 


reason  for  its  beiog  used  in  or^nic  analysia,  for  the  purpose  of 
absorbing  the  carbonic  acid  derived  from  the  carbon  of  the  sub- 
stance,  and  enabling  os  to  ascertain  its  weight.  For  the  same 
reason,  potash  in  the  form  of  solid  hydrate,  or  in  solullon,  tni^st 
always  be  protected  from  the  carbonic  acid  of  the  atmosphere. 
The  aolution,  vhen  of  Sp.  G.  1-060,  ia  used  in  medicine  as  an  ant- 
acid and  lithontriptic.  The  chief  use  of  potash  is  unquestionably 
that  of  promoting  the  growth  of  plants,  to  which  it  la  generally 
essential,  although  it  may  fretjuentiy  be  replaced  by  soda  or  line. 
Its  fanctioD  appears  to  he  that  of  6itng  the  carbonic  acid  of  the 
atmosphere,  which  with  the  elements  of  water,  gives  rise  to  the 
chief  vegetable  products,  as  will  be  explained  in  the  second  part. 
Hence  all  fei-tile  soJia  contain  it :  hence  also  the  ralne  of  the  ashes 
of  vegetables,  as  manure,  deponde  iu  a  great  measure  on  the  pot- 
ash they  contain ;  and  the  same  remark  applies  to  animal  manures. 
Cow-dung,  for  example,  is  very  rich  in  potash. 

The  presence  of  potash  in  any  solution  is  best  ascertained  by 
the  action  of  bichloride  of  platinum  in  solution,  which,  if  any  nota- 
ble quantity  of  potash  be  present,  forms  with  it  a  pale  yellow  pre- 
cipitate of  the  double  chloride  of  platinum  and  potassium.  If  the 
Eroportion  of  potash  be  very  small,  no  precipitat«  may  appear. 
D  this  case  the  liquid  to  be  tested  may  be  first  concentrated  by 
evaporation,  and  iLen  again  tested  with  the  platinum  salt,  when 
the  precipitate  will  in  all  probability  appear ;  or  alcohol  may  be 
added  to  the  first  mixture,  in  which  the  double  chloride  is  quite 
insoluble.  The  only  uncertainty  in  this  test  is,  that  ammonia 
gives  a  similar  precipitate  ;  so  that  we  must  first  ascertain  if  am- 
monia be  present,  and  if  so,  expel  it  by  a  red-heat,  before  testing 
for  potassium. 

Perchloric  acid  also  causes,  in  solutions  containing  potash,  a 
white  precipitate  of  perchlorale  of  potash,  sparingly  soluble  in 
water,  and  quite  insoluble  in  alcohol ;  so  that  if  but  little  potash 
he  present,  alcohol  on^ht  here  also  to  be  added. 

An  excess  of  tartaric  acid  produces,  after  a  time,  a  crystalline 
deposit  of  cream  of  tartar,  in  solntions  containing  potash,  more 
especially  if  well  stirred  wiUi  n  glass  rod,  which  causes  the  deposit 
to  appear  in  streaks  on  the  glass. 

An  alcoholic  solution  of  carbaxotio  acid  causes  a  yellow  crys- 


talline preci{ntato  in  solntion  of  potash. 

Lastly,  hydrofluosilicic  acid  causes  a  gelatinous  setni-transnar 
|>i«ci{utate  of  silicofluoride  of  potaasium,  when  added  to  solntii 


of  poUsh.     Of  all  these  testa,  the  most  certain  is  the  bichloride  of 
platinum,  with  the  aid  of  alcohol. 

b.  Peroxide  of  Potassium.    K  Oi  =  63176. 

This  oxide  is  fonned  by  passing  potasuum  over  red-hot  potash. 

It  is  an  orang«-yeIlow  powder,  which,  when  thrown  into  water. 


\M  IODIDE    OF    POTASSIUM. 

in  doromposcd,  oxygen  being  given  off,  and  potash  being  found  in 
the  liiiiiid. 

roTASSICM   WITH   HYDROGEN   AND   NITROGEN. 

\Vitb  hyd region  potassium  forms  two  compounds,  one  of  which 
appoars  to  be  a  solid,  the  other  ^.  The  latter  seems  to  take  fire 
spontaniH>U8]y  in  contact  with  air,  and  is  probably  formed  when 
potassium  acts  on  water.  The  former  is  produced  when  potas- 
sium is  hoatod  in  hydrogen  gas.  It  is  a  gray  solid  decomposed 
by  wator. 

*  Whrn  pi>la!tsiuni  i!«  heated  in  dry  ammonia,  an  olive-colored 
solid  18  tormod.  which  !!«  composed  of  potassium  and  amide 
(amidoi^tMi).  K.  N  Hi.  When  this  is  heatinl.  ammonia  is  g^iven  off, 
and  ihon^  is  \v(i  a  substance  resembling  irraphite.  which  is  a  com- 
iH>nnd  of  iHHassium  and  nitrogt»n  :  3(K,  NHt)  =  2XH3-hNKs. 
Thi>  Ot>ni{v>unil  has  been  liltfo  examined. 

r^^Txssu'M  wrrn  chlorine,  bromine,  iodine  and  nuoRiNS. 

With  all  these  olomcnt^  pi>ta5«ium  combines,  with  each  in  one 
proportion  only,  forming  compounds  which  are  very  analogous  to 
oacn  other. 

Ohlori<!e  of  Potassinm.     K  CI  ^  T4*5T. 

This  <\%mp^>und  is  a  noutra!  sa^.l,  xory  similar  lo  sea-sah.  Ii  is 
f^mnd  in  considoraWo  quamitv  in  rho  ashes  of  p]ani&.  especially 
of  »ea-p'aTit*.  It  is  formod  wV.rn  porash  is  i^curralizi-d  by  hydrc*- 
chlorir  aoi.i.  and  t^e  s*Nhit.ion  cvs]>v*irat4\i  so  as  lo  form  crrsiiOs : 
K  O  -f  H  O:  =  H  0  —  K  O:.  ll  is  a^so  u  ft  when  chloraw  or  j<T' 
ehlorato  is  hoaro*i  so  as  to  f  xr»c^  a,".l  i>ii  oirct-n :  KO,  COf  = 

It  has  a  saline  a-n^^  biu^rish  tJMair.  an*i  is  no:  much  moft-  sohiV/c 
in  h«M  than  in  cold  war<^T.  It  rrrsralMrrs.  l;k-c  soa-salu  in  cnbi*. 
Tt  is  onlv  nso,^.  -nhrr.  xcn-  ohoATi.  in  the  TTianzfarmrc  of  klnm. 
II  cann«^i  W  siihsumr/*d  for  sea -salt,  as  a  condimfT.i..  or  antisfpTir. 

\MUic  Of  Potassiurr.      K  1  =  1^S-4,S. 

This  sails  %hioh  is  ^-m'  Tnnch  n?<ofi  m  medicinr..  Tr**rnib'»rs  ihf 
procoiiiTjc  ir.  ^vr^-rna'  rharacr^*:'*'.  Ir  rn-waliirps  jti  rnhras  and  is 
wry  poln'hlr  in  wator.  Topnrpa.rr  it.  lOTiim  is  drs^o^vod  in  apur< 
sohiiion  o;  p«Mj4sh.  ^  iih  ihr  aid  ol'  heaL  antij  ih<  liquid  beirins  u- 
awnmo  a  perm  anon  i  hro^Tiish  wVio«  i»o)or,  indiraunjir  a  alithi 
«vrte»>  ot"  lodinr.  The  hqnid  is  no%  rvaporarpd  ro  drynoas.  and 
tShe  dr^-  n>sidi«e  icriirod  and  mrltod  in  a  co^'otm  Tilatinnm  or  irn© 
vossol  Thr  mrlr-ivi  ma>i>  js  Tv»nred  oat  on  a  rtoar.  iron  plato.  h 
is  i*vlidr  of  pt^r■M?«i1]m  ;  anri  i:  dTft>«iN'M  in  wiiu*:  and  nlw-ri'f.  i: 
nooossai'j .  the  «*hihor.  on  <  ^•n'porar.ion  yields  pwTf  <*.rx*stals  of  iht 
salt.  In  the  tirsi  stajB*e  of  t^hns  pprvi^A.  todaic-  of  potash  and 
iodide  of  poraamifin  *w»  frww»d  :   !• +f  KO  «^£1 -f  (KO. 


POTASSIUM   AMD   SUI.PI1IIE.  165 

1 0(  ).  In  the  >ec(Hid  st^e,  tha  Jodate  is  concerted  by  a  red-hent 
into  iodide  of  potaMiam,  oxygen  being  KiTen  off,  wbile  the  iodide 
dready  present  IB  nnaltcred  :  fiKH-(KO,  10.)  =  6KI  +  0«. 

Another  method  it  to  form  iodide  of  iron  by  bringing  iron  and 
iodine  in  contact  under  water.  The  iodide  of  iron  dissolves,  and 
tbe  filtered  solntion  is  decomposed  by  an  equivalent  weight  of  car- 
bonate of  potash  in  solntion  :  Fe  I  +  K  0.  C  Oi  =K  I  -f  Fe  0. 
C  0] .  The  insoluble  carbonate  of  iron  is  separated  by  the  fitter, 
and  the  clear  liquid  evaporated  till  crystals  are  deposited. 

Pure  iodide  of  potassium  is  white,  and  disscJves  entirely  in  hot 
alcohol.  It  is  often  adulterated  with  carbonate  of  potash,  but  that 
■alt  is  easily  detected  by  its  insolubility  in  alcohol.  The  solution 
of  iodide  of  potassium  can  dissolve  a  large  quandty  of  free 
iodine,  by  which  it  acquires  a  deep  brown  color.  This  solution  is 
fflaeh  used  for  baths ;  and  tbe  iodide  is  employed  both  externally 
and  internally  in  scrolulous  diseases. 

Bromide  of  Potsseium.     KBrss  117'S. 

This  salt  is  very  analagons  to  the  preceding,  and  is  formed  in 
the  same  way.  It  crystalliEea  in  cubes,  and  is  very  soluble  in 
water.     It  has  not  been  applied  to  any  use. 

Fluoride  of  potassium,  KF  =  £76,  is  obtained  when  hydro- 
fluoric acid  acta  on  potash:  HF  +  K0  =  HO  +  EF.  It  ia 
soluble  and  crystallizes  in  cubes,  and  is  very  analogous  to  the 
preceding  salts. 

POTASSIUM  AND   SCLFBUa. 

Potassium  combines  with  sulphur  in  several  proportions,  of 
which  the  most  important  are,  tbe  protosulphide,  KS,  and  the 
penlaautphide,  or  persulphide,  KSi. 

ProtoBu]phide  of  Patassium.     K8^SS-3. 

This  may  be  formed  by  melting  together  its  consdtuenta  ;  but  It 

ia  best  prepared  by  passing  hydrc^n  gas  over  neutral  sulphate  of 

potash,  heated  to  bright  redness.     Here  the  hydrogen  removes  all 

the  oxygen  of  the  saU,  and  tbe  snlphide  is  left. 

K0,S0*+Ht=4H0  +  KS. 

Protosulphide  of  potasMum  is  a  solid  of  a  bright  red  color, 
which  forms  with  water  a  colorless  solution.  This  solution  smells 
of  Bolphuretled  hydrogen,  and  probably  contuns  that  compound 
andpotash,  fonned  by  the  action  of  water  on  tbe  sulphide  :  K  8 
+  H0  =  K0  +  H8.  The  solution  is  alcaline,  and  if  pure  ia 
decomposed  by  acids,  without  any  separation  of  sulphur,  sulphur- 
etted hydrogen  being  given  off. 

Peataaulphide  or  Peraulpbide  of  Potawium.     K  S*  =  lie-fi. 

This  ia  the  chief  ingredient  in  what  is  called  hepar  sulpbntisL 
or  Krer  oi  snlphnr,  when  prepared  by  fiising  snlphnr  with  oar- 
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bonate  of  potaih  at  the  lowest  pouible  t«iupenture,  when  tfa« 
persulphide  is  formed  along  with  hyposulphite  of  potash :  3K0 
-f  a)  =  2KS>  ^-(KO,  Si  Oi).  Alcohol  dissolves  the  sulphide, 
which  hiu  a  deep  orange  color.  It  may  be  obtained  pure  ia  goIu- 
don  by  boiling  the  protosulphide  with  4  eq.  of  sulphur  and  water. 
The  persulphate  of  potassium  foims  an  orange  or  yellow  solution, 
which  is  decomposed  hy  acids,  with  tbe  deposition  of  a  large 
quantity,  4  eq.  of  sulphur. 

There  are  five  other  compounds  of  sulphur  and  potassium,  ail 
similar  in  properdes  to  the  persulphide.  They  are  KSi,  KSi, 
K8i,  KiSt,  and  Ei  S..  The  last  two  are  probably  (KSi  + 
K8.),and(KS.-|-KS.)- 


Tbe  relations  between  these  elements  appear  to  be  closely 
ualoBous  to  those  between  potassium  and  sulphur :  but  the  com- 
pounds formed  are  little  known. 

POTASBIUU   AKD   PH(»PH0RD8. 

These  elementu,  when  heated  together,  combine  to  form  a  solid 
phosphide.  When  thrown  into  wster,  it  gives  rise  to  the  disen- 
gagement of  spontaneously  inflammable  phoaphuretted  hydrogen, 
while  solid  phospharetted  hydrogen  separates,  and  hypophosphite 
of  potash  is  found  dissolved. 

Nothing  is  known  with  certainty  of  the  carbide  of  potassium, 
which  is  supposed  by  some  to  be  formed  in  the  process  of  making 
potassium. 

No  compound  of  potassium  with  silicon  is  accurately  known  :  hut 
with  silicic  acid  potash  forms  compounds  which  are  known  as 
glass-  When  the  silica  predominates,  we  have  ordinary  hard 
insoluble  glass:  when  the  potash  is  in  excess,  the  compound  is 
ealled  silicate  of  potash.  It  is  a  glassy  mass,  soluble  m  water, 
and  the  solutim  has  long  been  known  as  liquor  of  flinla.  (See, 
hereafter,  under  the  head  of  Salts,  the  silicates,  including  glass 
and  porcelun). 

IS.  S0IIIT7II.    Na=33-3. 

Srv.  ytUrinm.  —  This  metal,  is,  perhaps,  more  abundant  in  our 
globe  than  any  other  ;  for  it  consdtutes  two-fifths  of  all  the  sea-salt 
eniting  in  sea-water,  in  the  water  of  springs,  rivers,  and  lakes,  in 
almost  all  soils,  and  in  the  form  of  rock  salt.  Sea-salt  is  a  com- 
ponnd  of  eodinm  with  chlorine,  Na  CI.  Sodium  also  occurs  as 
oxide  of  sodium,  or  soda,  in  a  good  many  minerals ;  and  more 
especially  in  the  forms  of  carbonate,  nitrate,  and  borate  of  soda: 
the  first  extracted  from  the  soil  in  many  ports  of  Africa;  tbe 
■eoond  covering  exCmsive  plains  in  South  America :  and  tbe  third 
enorualing  the  shores  of  numennu  lakes  in  Thibet.    Soda  ia  ecn- 
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tallied  in  sea-plants,  and  in  iHnd-plants  growing  near  the  sea,  in 
the  latter  apparently  replacing  potash  ;  it  is  the  chief  base  in  kelp, 
varec,  or  barilla,  whicn  are  ttie  ashes  of  sea-weed.  Soda  also 
occurs  in  most  animal  fluids. 

Sodium  is  obtiuned  by  a  process  exactly  similar  to  that  above 
described  for  potassinm,  substituting  acetate  of  soda  for  cream  of 
tartar.  Owing  to  the  fortunate  circumstance  that  sodium  does  not 
combine  with  carbonic  oxide,  the  process  is  much  more  productive 
Iban  in  the  case  of  the  former  metal.  In  fact,  when  properly  con- 
dticted,  we  may  expect  to  obtain  the  whole  of  the  sodium.  Thus, 
in  the  laboratory  at  Oiessen,  1  lb.  of  calcined  acetate  of  soda 
(carbonate  containing  a  little  charcoal)  mixed  with  ^  lb.  of  finely- 
powdered,  and  ^  lb,  of  coarsely -powdered  charcoal,  and  heated  in 
a  malleable  iron  bottle,  as  above  recommended,  yielded  nearly  6 
oc.  of  sodium,  even  when  it  was  obvious  that  the  result  was  capa- 
ble of  considerable  improvement ;  the  whole  of  the  sodium  present 
being  about  7  os.  From  the  extreme  cheapness  of  carbonate  of 
soda,  and  the  productiveness  of  the  operation,  sodium  can  be 

C spared  far  cheaper  than  potassium,  and  may,  in  most  cases, 
substituted  for  that  metal,  as  its  aflBnilies  are  almost  equally 
powerfal.  Should  this  metal  be  ever  required  on  the  large  scale, 
it  might  be  obtained  for  a  price  little,  if  at  all,  higher  than  that 
of  line. 

Sodium  is  a  silver-white  metal,  having  a  Tcry  high  lustre.  It 
has  not  the  bluish  tinge  of  potassium,  but,  if  any,  rather  a  very 
slight  yellowish  tint,  so  that  it  resembles  silver,  while  potassium 
resembles  mercury.  Its  Sp.  0.  is  0-9348  ;  it  melts  at  200°,  beiiu; 
rather  less  fusible  than  potassium  :  but  it  is,  on  the  other  hand, 
somewhat  more  volatile,  which  is  one  cause  of  its  preparation 
being  easier,  since  it  distils  over  at  a  lower  heat. 

The  affinity  of  sodium  for  oxygen  is  next  to  that  of  potassium. 
It  rapidly  attracts  oxygen  from  toe  air,  and  must  therefore  be  kept 
under  nnptba ;  but  it  is  evidently  less  rapidly  oxidized  than  potas- 
sium, and  consequently  keeps  better.  When  heated  in  air  or 
oxygen  it  takes  Sre,  burning  with  a  very  pure  and  intense  yellow 
flame,  which  is  characteristic  of  sodium  and  of  all  its  compounds. 
It  decomposes  water  instantly,  but  docs  not  spontaneously  take  fire 
when  thrown  on  water,  as  potassium  does.  If  the  water,  however, 
be  thickened  with  gum,  or  if  there  be  only  a  few  drops  of  water, 
the  action  of  sodium  is  attended  with  flame,  and  the  yellow  color 
of  the  flame  is  most  conspicuous.  When  exposed  to  the  i^r,  or 
burned  in  air  or  on  water,  sodium  forms  the  protoxide,  or  soda  : 
but  it  can  form  two  other  oxides  —  the  suboxide  and  the  peroxide. 
The  suboxide  is  little  known  ;  the  peroxide  is  an  orange  powder, 
Vas  O).     The  only  important  oxide  is  the 
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Protoxideof  Sodium.     NbO  =  31-313. 

SiK.  Soda. — This  oxide  is  formed  when  sodinm  is  bnrned  in 
dry  air  or  oxygen.  It  is  a  white  powder,  which  attracts  miHstura 
and  cHrbonic  acid  from  the  air.  When  sodium  is  oxidized  by  water, 
or  when  the  protoxide  is  dissolved  in  water,  there  is  formed  the  true 
ftlcali,  the  hydrated  oxide  of  sodium,  or  hydrate  of  soda,  Na  0,  H  0. 

Srw.  Cautlie  Soda.  —  This  hydrate  is  prepared  by  a  process 
exactly  similar  to  that  given  for  caustic  potash,  substituting  carbo- 
nate of  soda  for  carbonate  of  potash.  If  the  carbonate  of  soda  be 
in  crystals,  1  part  of  quick-lime  is  sufficient  for  5  or  6  parts  of 
earbonate :  if  dry,  1  part  of  quick-lime  will  suffice,  if  pure,  for  2 
of  carbonate.  Aa  the  lime  is  seldom  pure,  it  is  in  general  safer  to 
take  3  parts  for  3  of  dir  carbonate  of  soda. 

The  solution  of  caustic  soda,  owing  to  the  superior  purity  of  the 
carbonate,  which  is  generally  free  from  sulphate  and  chloride,  is 
mnch  purer  than  the  common  aqua  potasss ;  and  when  boiled 
down.  It  leaves  a  very  pure  hydrate  of  soda :  Nft  0,  H  0.  This 
hydrate  is,  in  all  external  characters,  and  in  most  chemical  ones, 
exactly  similar  to  caustic  potash  ;  it  is  deliquescent  and  caustic, 
and  may  be  used  for  almost  all  the  same  purposes.  The  solution, 
however,  cannot  be  used  for  organic  analysis,  as  it  froths  up  like 
solution  of  soap  when  a  gas  passes  through  it. 

With  adds  soda  forms  salts,  all  of  which,  with  hardly  an  excep- 
tion, are  sohible  in  water,  and  many  of  which  crystdliie.  The 
Bolnbility  of  its  salts  serves  to  distinguish  soda  from  potash ;  for 
neither  bichloride  of  platinum,  tartaric  acid,  perchloric  acid,  nor 
oarbozotic  acid  causes  any  precipitate  in  the  salts  of  soda,  even 
when  alcohol  is  added.  Hydrofluosilicie  acid  is  the  only  test  that 
lijnns  a  precipitate  in  cold  and  pretty  strong  solutions  of  soda 
salts  ;  but  the  silicofluoride  of  sodinm,  thus  formed,  is  much  more 
soluble  than  the  corresponding  salt  of  potassium.  When  wc  know 
that  either  potash  or  soda  is  present,  and  the  tests  give  the  above 
negative  results,  we  may  safely  decide  on  the  presence  of  soda  : 
but  if  we  wish  for  positive  evidence,  this  can  only  be  obttuned  by 
setting  fire  to  alconol  along  with  tbe  suspected  salt,  or  exposing 
Uie  sut  on  platinum  wire  to  the  flame  of  the  blowpipe  ;  when,  if 
soda  be  present,  a  rich  and  pure  yellow  color  will  be  given  to  tbe 
flame. 

The  chief  uses  of  soda  are  in  the  manufacture  of  glass  and  bard 
sou.  Tbe  carbonate  is  used  in  wasbins,  and  is  a  powerful  deter- 
ges^ alAongb  milder  than  carbonate  of  potash. 


BODIUH    AND    ( 

Chloride  of  Sodium.     Na  CI  =  08  76. 
Siv.  Mvriaa  of  Soda.    Sea  Sail.    Bode  Salt.    SOeAen  Sedt.—^ 
This  very  important  salt  is  formed  iriiea  eUorine  and  sodium,  of'- 
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hydrochloric  aad  and  nxlft,  come  together.  But  it  is  found  in 
immenee  quantity  dissolved  in  Be&-water,  and  in  the  wnter  of  ealt 
springs,  and  in  emaller  quantity  in  all  natural  waters,  by  which, 
indeed,  it  is  carried  to  the  sea,  where  it  accumulatcB.  Inland 
•efts,  without  any  outlet,  and  where,  consequently,  the  superfluous 
water  escapes  only  bj  evaporation,  become  more  saline  than  sea- 
water,  although  the  streams  which  feed  tbem  are  not  richer  in  salt 
than  ordinary  rivers.  Hence  the  Dead  Sea  in  Palestine,  fed  by 
llie  Jordan,  is  a  very  strong  brino,  conttuning  the  same  ingredients 
aa  sea-water,  but  far  stronger ;  these  ingredients  being  also  the 
■ame  which  are  found  in  the  Jordan  and  all  rivers,  in  much  smaller 
quantity.  Salt  is  also  found  abundantly,  as  rock  salt,  in  varions 
countries.  It  is  obtained  from  the  sea-water  by  simple  evapora- 
tion, either  spontaneous  or  with  the  aid  of  heat,  till  crystals  sepa- 
rate, which  are  nearly  pure  chloride  of  sodium. 

The  properties  of  salt  are  well  known.  It  is  singular  that  it  is 
not  materially  more  soluble  in  hot  than  in  cold  water  :  for  which 
reason  it  separates  in  crystals  from  the  hot  liquid  during  evapora- 
tion, and  ought  to  be  taken  out  from  time  to  time  with  a  perforated 
ladle,  to  allow  the  mother  liquor  to  drain  off. 

One  chief  use  of  salt  is  as  an  antiseptic  in  caring  meat.  It 
seems  to  act  chiefly  by  removing  so  much  water  from  the  flesh 
that  too  little  is  left  to  allow  of  putrefaction.  Hence  highly  salted 
meat  is  always  dry,  and  requires  long^  steeping  in  water  to  render 
it  eatable.  Salt  is  also  employed  to  yield  nyt&ochloric  (muriatic) 
acid,  and  chlorine,  for  the  mining  of  bleachtng-powder,  as  well  as 
the  best  carbonate  of  soda.  In  preparing  hydrochloric  acid  from 
nit,  which  is  done  by  the  aid  of  oil  of  vitriol,  sulphate  of  soda  is 
formed;  from  which,  by  heating  it  with  charcoal,  carbonate  of 
■oda  is  obtained.  Thus,  in  the  very  important  manufacture  of 
■oda  from  salt,  both  the  t^lorine  and  the  sodium  are  made  use  of; 
the  hydrochloric  acid  being  but  a  secondary  product,  formed  in 
the  first  stage  of  the  manufacture  of  carbonate  of  soda, —  a  product 
nearly  equu  in  importance  to  the  oil  of  vitriol,  by  means  of  which 
it  is  made. 

But  the  most  important  use  of  salt,  which  renders  it  an  absolute 
necesaary  of  life  to  animals  in  some  shape  or  other,  is  as  a  condi- 
ment to  food,  or  rather  as  a  substance  udispensable  to  digestiiMi. 
This  subject  will  be  fully  treated  of  in  the  Second  Fart  of  this 
work.  In  the  meanwhile  it  may  be  mentioned,  that  the  free  mu- 
riatic acid,  always  present  in  the  chyme  before  it  leaves  the  stom- 
Mh,  and  the  soda  which  is  found  in  the  chyle  and  in  the  blood, 
and  which  is  the  essential  basic  element  of  the  bile,  are  both  de- 
rived from  salt,  either  originally  present  in  the  food,  or,  as  is  moat 
oommonly  the  case,  added  to  it  by  man.  Herbivorous  animals. 
,  who  produce  an  enormous  quantity  of  bile,  find  salt  in  their  food, 
and  above  all  in  the  river  or  spnng  water  the;  drink.     Bat  the; 


are  lo  tensiblc  of  the  good  effects  of  salt,  that  the?  show  the  great- 
Hit  preference  for  salt  apriiigs,  and  indeed  for  solid  salt,  if  placed 
within  their  reach.  When  supplied  with  salt  id  moderate  quantitj 
thoj'  thrive  uDcommoidy  well,  as  ia  salt  marshes,  which  are  well 
known  to  give  rise  to  rei^  rich  and  well-feeding  pastures.  An 
excess  of  salt  is,  however,  injurious. 

■ODinM  WITH   BROMNB,  IODINE,  AND   FLUOBIHI. 

The  compounds  of  sodium  with  these  elements  are  quite  anal- 
ogous to  those  of  potassium  ahove  described.  The  iodide  and 
bromide  of  sodium  are  found  in  lea-water  and  in  salt  springs,  in 
minute  quaatitT.  The  formulas  of  these  three  compounds  are, 
NaBr,NaI,aiidNaF. 

BODiDV  wrra  sulpbdk. 

Sodium,  like  potassium,  unites  with  snlphnr  in  several  propor- 
tioDs.  The  protoeulphide,  Na  S,  is  very  simdar  lo  the  oorresponding 
sulphide  of  potassium  ;  the  others  are  little  Imown. 

It  is  very  remarkable  that  the  beauUful  mineral,  lapb  lasnU,  or 
ultra-marine,  the  nature  of  the  coloring  matter  in  which  was  long 
a  Bomplete  puisle  to  chemists,  should,  according  to  recent  discov- 
eriea,  owe  its  magnificent  blue  color  to  the  presence  of  sulphide  of 
■odium,  a  compound  destitute  of  any  such  color.  But  thu  seems 
to  be  really  the  case :  for  by  heating  a  mixture  of  hydrated  alumina 
ud  silicic  acid  to  whiteness,  alon^  with  sulphide  of  sodium,  C.  G. 
Qmelin  has  succeeded  in  preparing  artificial  ultra-marine,  which 
ia  now  prepared  in  France  quite  equal  to  the  native  pigment,  and 
very  much  cheaper.  We  are  still  quite  in  the  dark  as  lo  the  tme 
nature  of  the  blue  compound  formed  in  this  operation. 

The  compounds  of  sodium  with  phosphorus,  carbon,  boron,  end 
illieon  are  unknown.  With  silicic  add,  soda,  like  potash,  ffoms 
glasa. 

16.  Lithium.    L^fi-ia. 

This  metal  ia  very  rare,  occurring  only  as  oxide  or  lilhia  in  a 
few  rare  minerals,  such  as  spodumene,  petatite,  lepidolite,  and 
Hthlon-miea.  The  metal  has  been  obtained  in  small  quantity  by 
msBBs  of  galvanism  from  the  oxide,  and  is  white,  burning  when 
heated,  with  a  Uood-red  flame,  and  farming  protoxide  of  lithium, 
orlil^ia. 

Protoxide  of  Lithium.    L  0=14-43. 

Tlua  tleali  ean  only  be  obtained  from  either  of  the  above  min- 
vals,  which  are  nlioales.  One  part  of  the  mineral  in  fine  powder 
ia  mixed  with  two  of  fluor-spar,  and  the  mixture  heated  with  snl- 
pbnritt  iicid,  until  (he  whole  of  the  silica  is  dissipated.  There  then 
tvnuna  anixtore  of  sulphates  of  alumina,  lime,  and  lithia,  and 
in  tbs  ease  td  le^dolit«  or  spodnmene,  poUsh.    By  boiling  with 


AMHOKIDM.  171 

twrbonate  of  ammonta  in  excess,  the  alumina  and  lime  are  precijH- 
tated,  and  the  filtered  liquid  is  evAporated  to  dryness,  aod  ignited 
to  eipel  the  sulphate  of  ammonia.  The  residue  is  sulphate  of 
lithia,  or  sulphates  of  lithis  and  potash,  la  the  latter  case,  by 
the  cautious  addition  of  chloride  of  barium,  the  sulphuric  acid  is 
separated  as  sulphate  of  baryta,  and  the  tithia  and  potash  con- 
verted into  chlorides.  These  being  dried,  are  digested  in  absolute 
alcohol,  which  dissolves  the  chloride  of  lithium.  The  lilbia  is 
now  free  from  other  bases:  to  obtun  it  in  the  separate  state,  the 
chloride  is  converted  into  sulphate,  by  being  boiled  with  oil  of 
vitriol,  and  the  solution  of  the  sulphate  decomposed  hj  the  exact 
equivalent  of  barylic  water,  by  which  the  sulpliuric  acid  is  pre* 
cipitated,  while  the  free  lithia  is  dissolved,  and  the  solution,  if 
evaporated,  leaves  hydrate  of  tithia,  L  0,  H  0. 

Lithia  is  not  quite  so  soluble  in  water  as  soda  or  potash,  nor  ia 
it  so  caustic ;  but  it  very  much  resembles  these  alcalies.  Its  solu' 
tion  attracts  carbonic  acid  as  readily  as  theirs  from  the  atmosphere. 
When  lithia  is  fused  on  platinum,  it  corrodes  and  stains  the  metaL 
Lithia  and  all  its  salts  ^ve  a  bloodred  color  to  flame.  The  car- 
bonate of  lithia  is  sparingly  soluble,  and  its  phosphate  is  nearlr 
insoluble.  Lithia  occurs  too  rarely  to  admit  of  any  useful  apph- 
eation ;  but  it  is  important  to  know  that  lithion-mica,  whicn  U 
recognized  by  its  easy  fusibility  before  the  blowpipe,  and  by  its 
tinging  the  outer  flame  red,  has  hitherto  been  only  found  associated 
wiUi  albile  and  topai,  or  pycnito,  in  tin  districts,  and  its  occurrence, 
thus  associated,  may  be  looked  on  as  a  sure  indication  of  the  exist- 
ence of  tin  in  the  locality. 

Chloride  of  lithium,  L  CI,  cryatalllxes  in  cubes.  It  is  very  deli- 
quescent and  soluble  in  akohol,  the  flame  of  whicb  it  colors  of  a 
fine  red. 

AppiHDix  TO  THK  FncsT,  OB  Alcauhb  Gboitp  of  Mxtalb. 
Ammonium.    NH*  =e  Am  =  18-19. 

This  hypothetical  componnd  metal  has  already  been  deseribed 
tinder  the  head  of  Ammonia,  bat  we  must  here  consider  it  as  s 
metal,  imalogoiis  to  the  three  just  described. 

In  all  the  salts  of  ammonia  with  oxygen  acids  Am  0  is  finmd. 
This  compound,  oxide  of  ammonium  ^NHi,  HO,  is  itself  a  veir 
powerful  and  caustic  alcali,  and  neutralizes  all  the  acids.  It  is 
miporlant  to  observe  that  it  is  isomorphous  with  potash,  E  O  ;  so 
that  the  salt  K  0,  SOi  has  the  very  same  form  aa  Am  0,  8  Oi. 
Chbride  of  Ammonium.    Am  CIis  NH*  Cl  =  NBi,  H  Cl  =  63'64. 

This  is  the  well-known  salt,  sal  ammoniac,  which  ia  analogona 
to  K  CI,  Na  CI,  and  L  CI,  crystallizing,  like  them,  in  cubes.  It  ia 
the  salt  fixim  which  ammonia  and  all  its  compoonds  are  fonned, 
and  it  is  prepand  from  ibm  impure  oarbooate  of  ammonia  obtwaad 
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bj  distilliag  anima)  matten.  It  is  entirely  Tolatile,  soloble  in 
irftt«r,  has  a  pangent  saline  taste,  and  do  smell.  Its  chemical 
relations  are  those  of  a  chloride,  although  it  is  called  mnriale  of 
ammonia,  because  it  is  formed  when  muriatic  f  hydrochloric)  a«d 
and  ammonia  act  od  each  other.  But  there  is  little  doubt  that 
these  bodies  mutiially  decompose  each  other,  according  to  the 
equation,  NHj  +  HCI  =  NH,,  CI. 

The  bromide,  iodide,  and  fluoride  of  ammonium  are  very  similar 
to  the  chloride. 

Obdxb  2.  —  Uktals  or  thb   Aloalini  Earths. 
17.  Babivh.    Ba  =  e8-7. 

This  metal  may  be  obtained  with  difficulty,  by  causing  the  vapor 
of  potassium  to  pass  over  baryta  (oxide  of  barium}  strongly 
heated  in  an  iron  tube.  Tbe  potassium  is  oxidized  at  the  cipeaae 
of  the  barium,  forming  potash,  while  barium  is  separated.  Ba  O 
+  K  =  K  0  +  Ba.  Mercury  dissolves  out  the  barium,  forming  a 
fluid  amalgam,  and  this,  if  the  mercury  is  distilled  off  in  a  Biuall 
iron  retort,  leaves  the  barium. 

Barium  is  a  metal  of  a  dark  gray  color,  heavier  than  oil  of 

vitriol.    When  exposed   to  the  air,  it  rapidly  absorbs  oxygen, 

forming  a  white  powder,  the  protoxide  of  barium  or  baryta.     It  is 

also  oxidized  by  water,  hydrogen  being  liberated. 

Protoxide  of  Barium.     BaO  =  76-713. 

Stn.  Baryta.  —  This  alcaline  enrth  occurs  in  nature  combined 
with  carbonic  and  sulphuric  acids.  It  is  best  obtained  pure  by 
decomposing  pure  nitrate  of  baryta,  by  a  continued  red-heat,  when 
the  nitric  acid  is  destroyed,  being  expelled  as  nitrous  acid  and  oij' 
gen,  and  the  baryta  left  behind :  Ba  0,  N  Oj  =  Ba  O  +  N  ©4  +  6. 

Baryta  is  a  gray  porous  solid,  the  8p.  G.  of  which  is  about 
4-000.  It  has  nn  acrid  alcaline  taste,  but  is  much  less  soluble  in 
water  than  potash  or  soda.  When  sprinkled  with  water,  it  slakes, 
like  quick'lime,  combining  with  the  water  to  form  a  dry,  white 
powder,  hydrate  of  baryta.  Clreat  heat  attends  this  combination. 
Baryta,  if  exposed  to  the  air,  speedily  attracts  moisture  and  falls 
to  powder,  and  the  hydrate  atisorbs  carbonic  acid  from  the  air, 
■nd  is  converted  into  carbonate  by  degrees. 

Hydrate  of  BoryU.    BaO,  HO  =  86-736. 

niia  compound  is  formed  when  dry  baryta  is  slaked  with  water, 
u  above  mentioned.  It  is  a  bulky  while  powder,  which  dissolves 
in  3  parts  of  boiling  water,  and  in  about  SO  of  cold  water.  The 
satunted  hot  oolution  depouts,  on  ooolmg,  crystals,  which  are 
Domposed  of  BaO,  HO +  9  aq-  The  saturated  cold  solution, 
which  is  called  barytio  water,  is  a  moat  nsefnl  test  of  the  presence 
of  oarbonio  aoid  in  the  mt,  or  in  any  gas ;  for  with  that  add  it 
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{natantly  producea  the  insolnble  carbonate  of  barjU,  wbich  fonaa 
a  film,  or  crust,  on  the  liquid. 

A  solution  of  baryta  may  be  f<H7ned,  extemporsneoiulj',  hj 
boiling  sulphide  of  barium  in  Holution  with  oside  of  copper  or 
oxide  of  lead  in  excess,  and  filtering  as  soon  as  the  liquid  gives  a 
white,  and  not  a  black  precipitate  with  acetate  of  lead.  The 
change  is  as  follows:  Ba8+ Cu  0  =  BaO  +  Cu8;  or  BaS  + 
Pb  0  =  Ba  0  +  Fb  S.  The  sulphides  of  lead  and  copper,  being 
insoluble,  are  easily  separated  by  the  filter. 

Baryta  may  be  recognized,  either  in  the  free  state,  or  in  its 
salts,  by  its  giving,  with  alcaline  carbonates,  a  white  precipitate  of 
carbonate,  and  with  sulphuric  acid  or  any  soluble  sulphate,  a  white 
precipitate  of  sulphate  of  baryta.  The  latter  is  quite  insoluble  in 
water  and  acids  :  and  hence  baryta  and  its  salts  are  much  used  aa 
teats  for  sulphuric  acid. 

Peroxide  of  Barium.    6a  Oi  =  84-7. 

This  oxide  is  formed  either  by  passing  oxygen  over  baryta  at  a 
red-heat,  or  by  sprinkling  chlorate  of  potash  on  baryta  heated  to 
a  rery  low  redness,  and  washing  away  the  soluble  part  with  water. 
Id  the  latter  case  it  is  obtained  as  a  hydrate.  It  is  insoluble  in 
water,  and  weak  acids  dissolve  it,  forming  a  salt  of  protoxide ; 
while  the  oxygen  combines  with  water,  foming  a  peroxide  of 
hydrogen.  In  fact,  the  peroxide  of  barium  is  only  uaed  for  the 
purpose  of  making  that  compound. 


Chloride  of  Buium.     Ba  CI  =  104'  1*7. 

This  salt  is  best  obtained  by  dissolving  carbonate  of  baryta  in 
hydrochloric  acid:  BaO,  C  O,  -!- HCl  =  BaCl  +  HO  +  COj. 
It  is  alao  obtuned  by  acting  on  solution  of  the  sulphide  of  barium 
with  the  same  acid  :  Ba  S  -f  H  CI  =  Ba  01  +  H  S.  In  the  former 
case  carbonic  acid  gas,  in  the  latter  sulphuretted  hydrogen  gas,  is 
disengaged  ;  and  in  both  the  chloride  ot  bariam  remains  dbsolved, 
and,  on  evaporation,  crystalliies  in  white  brilliant  tabular  crystals, 
which  are  com|>osed  of  Ba  01  +  «  aq.  A  red-beat  expels  the 
water  of  crystallization,  and  chloride  of  barium  is  left. 

It  is  a  white  solid,  soluble  in  water,  and  is  used  in  medicine, 
and  very  extensively  in  chemistry,  as  a  test  for  sulphuric  acid,  and 
a  means  of  removing  that  acid  from  any  solution. 

Bromide,  iodide,  and  fluoride  of  barium  are  rery  analogoni  to 
the  chloride. 

BARTUK  ADD  SULPBDR. 

Sulphide  of  Barium.    Bs  S  =  84-83. 

This  useful  componnd,  from  which  all  the  other  compounds  of 

barinm  may  be  obtained,  is  i«(f  ared  from  the  natire  anlphata  <d 
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baryta,  or  heavy  spar,  by  redacing  it  to  fine  powder,  mixtng  it 
nith  ^  of  its  weight  of  lamp-black  (obarcoal),  and  ezpoaiitg  the 
mixtore  to  a  wfaite-heat  fcH'  tvo  hours  in  a  covered  cnicible>  The 
following  change  takes  place : 

Ba  0,  S  Of  +  C.  =  4  C  O +Ba  8. 

The  sulphide  of  barium  dissc^vea  in  hot  water,  forming  a  oolor- 
leaa  solution,  which,  if  exposed  to  the  air,  gradually  absorbs 
oxygen,  becoming  yellow,  and  ia  fioally  converted  into  hyposulphite 
of  baryta,  the  latter  salt  being  deposited  in  hard  brilliant  crystala 
When,  in  preparing  the  sulphide,  the  heat  has  been  insufficient, 
the  sulphuric  acid  of  the  sulphate  of  baryta  is  entirely  deoxidised, 
tbe  baryta  only  partially,  and  we  obtain  a  mixture  ai  baryta  and 
persulphide of  barium,  BaSi.  Thus:  2(BaO,  SO])  +  C.  =C 
+  7CO  +  BaO  +  BaS9.  This  mass,  dissolved  in  hot  water, 
deposits,  on  cooling,  crystals  of  hydrate  of  baryta:  while  the  solu- 
tion, owing  to  the  presence  of  persulphide,  is  orange-colored. 

&ilphide  of  barium,  irom  its  solubility,  and  from  its  being  easily 
decomposed,  serves  to  prepare  all  the  compounds  of  barium.  This, 
as  already  stated,  if  boiled  with  oxide  of^copper  or  of  lead,  yields 
hydrate  of  baryta ;  and  oxide  of  manganese  may  be  used  for  the 
same  purpose.  With  hydrochloric  acid  it  yields  chloride  of  barium, 
and  with  nitric  or  acetic  acid  it  gives  rise  to  nitrate  or  acetat«  of 
baryta:  BaS  +  HO,  NO.  =HS  +  BaO,  NOi.  Mixed  with 
carbonate  of  potash,  soda,  or  ammonia,  in  solution,  it  produces 
insoluble  carbonate  of  baryta,  and  a  soluble  sulphide  of  potassium, 
sodium  and  ammonium:  SaS+KO,  C  Oi  =  KS  +  BaO,  COi. 
From  the  nitrate  pure  baryta,  and  from  the  carbonate  any  salt  of 
baryta  may  be  obtained. 

All  the  compounds  of  barium,  eicept  the  sulphate,  are  poisonous. 

18.  Stsostiuk.    Sr^43-8. 

Oxide  of  Strontium.     SrO  =  Sl'SlS. 

This  metal  is  analogous  to  barium,  but  little  known.  It  occuta 
odIt  as  oiide,  combined  with  carbonic  acid  in  strontianite,  and 
with  sulphuric  acid  in  celestine.  From  these  minerals  the  oxide 
of  etronlia  may  be  obtained,  b;^  processes  exactly  similar  to  those 
described  for  baryta.  Strontia  is  rather  less  soluble  in  water  than 
baryta,  but  otherwise  much  resembles  it.  Indeed  it  was  long 
confounded  with  baryta,  from  which  it  is  distinguished  by  forming 
with  hydrochloric  acid  a  chloride  which  eryatalusea  in  needles,  and 
is  very  deliquesceiit  and  soluble  in  alcohol,  to  which  it  gives  the 
property  of  burning  with  a  crimson  flame.  The  nitrate  of  strontia 
IS  used  in  making  the  red  lire  of  the  theatres,  which  is  also 
employed  for  signal  lights. 

The  chloride  and  nilphtde  of  strontium  are  prepared  aa  Qtoae 
at  barium,  and  from  1m  latter,  hydrate  of  strontia  and  all  the 
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Mlto  of  ttnatui  mty  be  prepared.  The  Bulphato  of  stroiLtiB  ii  sot 
mbsolatclf  insotnble,  like  that  of  baryta,  altfaongh  it  u  Tory 
DMTly  ao. 

19.  CuciuN.    C*  =  20'S. 
Oxide  of  Cileium.    Ca  =c  SS*618, 

This  metal  is  little  koown,  but  it  appears  to  resemble  tbe  two 
preceding.  It  is  soon  oxidiced  in  air  or  in  water,  forming  the 
oxide  of  calcium,  or  quick-lime. 

The  oxide,  or  lime,  occurs  in  great  abundance  in  niiture  cbiefly 
as  carbonate,  in  tbe  forms  of  marble,  limestone,  chalk,  and  calca- 
reous spar ;  also  as  sulphate,  m  the  shape  of  gypsum  and  alabaster. 
Carbonate  of  lime  is  the  chief  ingredient  of  shells,  and  phosphate 
of  lime  is  tbe  earthy  part  of  bones,  lime  is  found  in  tbe  ashes 
of  many  plants. 

Pure  lime  is  easily  obtained  by  igniting  white  marble  or  cbaik 
till  all  tbe  carbonic  acid  is  expelled.  The  residue  is  seldom  quite 
white,  but  combines  with  water  to  form  a  snow-white  hjrdnkte 
(slaked  lime).  A  high  temperature  is  produced  in  the  slaking  of 
hme.  Lime  is  far  less  soluble  in  water  than  baryta  or  strontia, 
and  cold  water  dissolves  a  good  deal  more  lime  than  hot,  about 
jj(i  The  solution  is  called  lime-water;  it  tastes  acrid,  and  if 
exposed  to  the  air,  is  soon  covered  with  a  film  of  carbonate,  which 
forms  a  crust  that  at  length  breaks.  Quick-lime,  exposed  to  ur, 
gradually  absorbs  both  water  and  carbmiic  acid  ;  but  a  good  red- 
heat  always  restores  it  to  the  state  of  quick-lime  again.  When  on 
excess  of  nydrate  is  mixed  np  with  water,  it  forms  a  milky-looking 
flnid,  called  milk  or  cream  of  lime,  which  is  much  used  for  absorb- 
ing carbonic  acid. 

The  uses  of  lime  are  well  known  :  slaked  lime  is  the  chief 
ingredient  in  mortar,  and  lime-water  is  used  in  medicine  as  an 
antacid.  With  acids  lime  forms  salts,  of  which  the  carbonate, 
like  that  of  haiyta  or  stronlia,  is  insoluble,  Ae  chloride  verr  deli- 
quescent, and  the  sulphate  sparingly  soluble,  but  far  from  insolu- 
ble. Lime  and  its  salts  are  recognized  by  fbrming,  with  oxalate 
of  ammonia,  the  very  insoluble  oxalate  of  hme.  in  testing  for 
lime,  the  solution  most  be  neutral,  as  an  excess  of  acid  dissolves 
the  oxalate. 

CUoride  of  Calcium.  CaCl  =  lUi-»7. 
This  salt  is  fonned  when  carbonate  of  lime  is  dissolred  in 
hydrochloric  and,  as  in  preparing  carbonic  acid  gaS :  Oa  O,  G  0* 
+  HC1=  CaOl-t-HOH-OOj.  When  the  neutral  solution  is 
evaporated  to  the  oonsislence  of  syrup,  it  forms,  on  standing  in  a 
cold  nlace,  Img  prisma  of  crystaUiied  chloride  of  calcium  :  Ca  CI 
-H  2  H  O  +  4  aq.  At  4B0°  these  loee  the  4  equiTalents  of  water 
of  cfyBtelliittiion,  and  at  a  red-heat  the  other  two  equivalenta  of 
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w»ler«  The  crrstak^  wben  powdered  mod  mixed  with  snow, 
U^uely  mpidly,  and  produce  intense  cold.  In  every  ibrm  chloride 
\>i  calcium  has  a  ^rcat  aUraclion  for  water,  and  it  is  much  used 
for  drying  gases,  and  in  organic  analysis  for  collecting  the  water, 
bj  weighmg  which  the  proportion  of  hydrogen  is  determined.  It 
also  serves  to  deprive  alcnol,  ether,  and  many  similar  fluids,  of 
water. 

The  bromide  and  iodide  of  calcium  are  deliquescent  salts» 
Ca  Br  and  Ca  I. 

Fluoride  of  Calcium.     Ca  F  r=  39*24. 

This  is  a  very  abundant  mineral,  occuninfir  chiefly  in  veins 
along  with  lead  ore,  heavy  spar,  and  quartz.  It  is  well  known  as 
fluor,  or  Derbyshire  spar,  and  crystallizes  beautifully  in  cubes, 
octahedrons,  and  tetraliedrons,  which  are  transparent  and  color- 
less, or  purple,  green,  brown,  or  yellow.  It  also  occurs  in  a  mas- 
sive semi-crystalline  form,  capable  of  being  cut  and  polished  for 
ornaments.  It  is  very  remarkable  that  fluoride  of  calcium  is  an 
ingredient  of  bones  in  variable  quantity.  It  is  said  to  be  found 
chiefly  in  the  enamel  of  the  teeth,  and  it  is  certainly  found  in 
variable  quantity,  but  always  present,  in  ancient  human  bones. 
It  is  now  said  that  it  is  less  easily  detected  in  recent  bones,  owing 
to  the  presence  of  animal  matter.  It  has  been  found  in  some 
bones  to  the  amount  of  10  per  cent. 

The  presence  of  it  is  detected  by  treating  the  mineral  or  bone, 
after  ignition,  with  oil  of  vitriol  in  a  platinum  crucible,  covered 
with  a  waxed  plate  of  glass,  having  the  glass  exposed  by  traces 
made  with  a  point  through  the  wax.  In  a  short  time  the  traces 
are  so  far  etched  as  to  be  indelible,  and  very  small  traces  of  fluor 
apar  may  be  thus  detected. 

Sulphide  of  Calcium.     Ca  S  =  36*62. 

This  compound  is  formed  by  a  process  similar  to  that  given  for 
sulphide  of  oarium.  Sulphate  of  lime,  mixed  with  ^  of  its  weight 
of  charcoal  powder,  is  strongly  ignited  for  an  hour  or  two  in  a 
covered  crucible :  Ca  0,  S  O3  -f  Ci  ==  4  C  O  -f-  Ca  S. 

It  is  a  nearly  white  powder,  provided  no  excess  of  charcoal  is 
present,  and  is  very  sparingly  soluble  in  water.  When  it  has 
Deen  expuned  to  the  sun's  rays,  it  shines  in  the  dark,  and  is  called 
Canton's  phosphorus.  When  water,  lime  and  sulphur  are  boiled 
together,  there  is  formed  a  yellow  or  orange  solution  containing 
hyposulphite  of  lime  and  persulphide  of  calcium.  This  liquid, 
acted  on  by  hydrochloric  acid,  yields  persulphuretted  hydrogen. 
When  sulpnur  and  lime  are  melted  together,  there  is  formed  a 
mixture  of  sulphate  of  lime  and  sulphide  of  calcium. 

Phosphide  of  calcium  is  obtained  in  an  impure  state,  by  bring- 
ing phosphorus  in  contact  with  red-hot  lime.    A  brown  powder  is 
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fiarmed,  wbioh  is  a  mixture  of  pbospbate  of  lime  and  pfaoephide 
of  calcium.  When  thrown  inlo  water  it  produces  spontaneoiuly 
inflammable  phosphuretted  hydrogen,  along  with  hypophoaphile 
and  phosphate  of  lime. 

30.  M^BEBiVM.    Mg=12-7. 

This  metal  is  obtained  by  canaing  the  rapor  of  potassium  to 
eome  in  contact  with  red-hot  chloride  of  magnesimn  in  a  tube. 
Vivid  incandescence  takes  place,  chloride  of  potassium  is  formed, 
and  magnesium  separsted.  When  the  mass  is  acted  on  by  cold 
water  the  chloride  dissolves,  and  the  magnesium  is  left  in  globules. 

Magnesium  is  silver-white,  very  brilliant  and  malleable.  It 
melte  at  a  red-heat ;  and  if  heated  in  air  or  oxygen,  burns  vividly, 
being  converted  into  oxide  of  magnesium,  or  magnesia.  It  does 
not  decompose  water,  even  when  boiled  with  it;  and  is  not 
oxidized  at  ordinary  temperatures  by  dry  air.  Hence  it  may  be 
preserved  far  more  easily  than  any  of  the  preceding  metals.  It 
dissolves  in  diluted  acids,  hydrogen  being  disengaged. 

VAONSSIUM    AKn    OXIOXH. 

Oxide  of  Hsgnesium.    MgO  =  30-7I3. 

Stn.  Magnetia ;  Calcined  Maffnetia.  —  This  oxide  occurs  in 
nature  as  carbonate,  forming  considerable  massea  of  rock  in  some 
parts  of  the  world ;  also  as  a  mixed  carbonate  of  lime  and  mag- 
nesia, under  the  forms  of  dolomite  and  magnesian  limestone ;  and 
as  sulphate  of  magnesia,  or  Epsom  salts,  which  occurs  in  many 
saline  springs. 

It  is  best  obtained  pure  by  beating  the  carbon  to  redness. 
Pure  or  calcined  magnesia  is  a  bulky  wbite  powder,  insoluble  in 
water.  It  has  an  earthy  taste,  and  readily  unites  with  acids, 
neutralizing  them,  on  which  account,  and  because  it  is  in  itself 
mild  in  its  acUon,  it  is  much  used  in  medicine  as  an  antacid. 
Magnesia,  when  precipitated  from  its  salts  by  an  atcali,  combines  . 
with  water,  formmg  a  hydrate,  MgO,  H  0,  which  loses  its  water 
in  a  low  red-heat.     This  hydrate  is  found  native,  crystallized. 

Of  the  salts  of  magnesia,  the  carbonate,  like  that  of  the  three 
preceding  earths,  is  meoluble ;  but  the  sulphate  is  very  soluble. 
The  solution  of  this,  or  any  other  soluble  salt  of  magnesia,  is 
precipitated  by  potash,  soda,  and  ammonia,  which  throw  down 

Sure  magnesia ;  and  by  carbonates  of  potash  and  soda,  which 
irm  carbonate  of  magnesia.  But  carbonate  of  ammonia  causes 
no  precipitate,  owing  to  the  formation  of  a  soluble  double  salt ; 
and  for  the  same  reason,  oxalate  of  ammonia  does  not  precipitat« 
the  salts  of  magnesia.  By  this  last  character  magnesia  may  be 
distinguished  and  separated  from  lime.  The  most  delicate  test  of 
magneaia  in  solntiona  ia  to  add,  first,  carbonate  of  ammonia,  and 
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then  phoephate  of  soda^  which  then  forms  an  insoluble  double 
phosphate  of  ammonia  and  magnesia^  in  the  form  of  m  heavy 
crysUdline  powder,  slowly  formed  when  the  quantity  of  magnesia 
is  very  small. 

Besides  its  uses  in  medicine,  magnesia  is  a  useful  iuCTedient  of 
all  fertile  soils.  The  double  phosphate  of  ammonia  and  magnesia 
is  found  in  the  husk  of  grain,  and  in  the  potato ;  and  phosphate 
of  magnesia  is  also  found  in  bones.  In  a  soil  totally  destitute  of 
magnesia,  grain  does  not  produce  perfect  seed,  however  well  the 
plants  may  thrive  or  grow  in  the  stalk  or  leaf,  to  which  parts 
magnesia  seems  not  to  be  essential.  Owing  to  the  occcurrence  of 
the  double  phosphate  in  potatoes,  bran,  which  contains  that  salt, 
is  a  very  powerful  manure  for  that  crop. 

MAGNKSIOM   WITH   CHLORINE,    BROMINE,    IODINE,    AND   FLUORINE. 

Chloride  of  Magnesium.    Mg  CI  =s  48*  17. 

This  salt  is  best  formed  as  follows:  —  Take  two  equal  portions 
of  hydrochloric  acid,  and  neutralize  one  with  magnesia,  the  other 
with  ammonia ;  then  mix,  evaporate  to  dryness,  and  ignite  in  a 
covered  crucible  till  the  sal  ammoniac  is  dissipated.  Fused  chlor- 
ide of  magnesium  remains,  which  is  poured  out  on  a  clean  stone, 
and  when  solidified  kept  in  a  closely-stopped  bottle.  It  is  highly 
deliquescent,  and  is  used  for  preparing  magnesium. 

When  magnesia  acts  on  hydrochloric  acid,  they  combine,  pro- 
ducing hydrochlorate  of  magnesia,  Mg  0,  H  CI,  a  rare  case.  On 
evaporating  the  solution  to  dryness  and  heating  it,  hydrochloric 
acid  is  expelled  and  magnesia  is  left.  But  when  sal  ammoniac  is 
added  (chloride  of  ammonium,  NHi,  CI),  and  the  mixture  evap- 
orated, chloride  of  magnesium  is  formed,  and  unites  with  the  sal 
ammoniac,  forming  a  double  chloride,  Mg  CI  -f-  N  H4,  CI.  When 
this  is  ifpited,  the  sal  ammoniac  is  expelled,  and  chloride  of  mag- 
nesium IS  left.  Chloride  of  magnesium  exists  in  sea-water,  and  is 
found  in  the  mother  liquor  of  the  cr}'stals  of  salt. 

The  iodide  and  bromide  of  magnesium  are  very  soluble ;  the 
fluoride  is  insoluble. 

Sulphide  of  magnesium  may  be  obtained  by  a  method  similar 
to  that  given  for  sulphide  of  barium.  When  pure,  it  is  a  white 
brittle  mass,  partially  soluble  in  water. 

Order  S.  —  Metals  of  the  Eartbs   Proper. 

a  1.  Aluminum.    A1  5=13*7. 

This  metal  is  best  obtained,  like  the  last,  by  the  action  of  potas- 
sium on  the  chloride.  Chloride  of  aluminum  is  mixed  with  small 
fragments  of  potassium  in  a  platinUm  crucible,  the  lid  of  which  is 
Wiied  dowii<    Heat  is  then  applied  by  meana  of  ^  aniriKU*^'- 
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when  K  Tiolent  actioD  ensnea,  and  a  dark  gra;^  man  is  left,  from 
wUofa  water  disaolreB  chloride  of  potastinm,  leaving  alominum  as 
K  gra^  powder,  which  has  conudersble  loslre.  It  is  not  easilf 
melted ;  and  when  heated  in  the  air,  or  in  oxygen  gas,  it  bnma 
with  a  rivid  light,  forming  alumina,  which  is  a  seequiozide  of  the 
Butal. 

ALtnniitni  ako  oxtoen. 
Seequioxide  of  Aluminum.     AU  0*  ^  61'S39. 

Sm.  Alvmina;  Purt  Clay.  —  This  earth  is  very  abundant  in 
nature.  It  occurs  crrsCallized  as  the  sapphire  and  ruby ;  in  a 
CTTBtalline  but  more  massive  form,  as  corundum  or  emery  ;  and 
vtd  M  the  chief  ingredient  of  all  clays,  and  of  moat  slaty  rocks, 
from  which,  indeed,  clays  are  derived.  Pipe-clay  is  the  purest 
clay,  but  is  not  pure  alumina,  although  approaching  to  it. 

Pure  alumina  is  best  prepared  as  follows  :  —  A  solution  of  alum . 
is  precipitated  by  an  excess  of  chloride  of  barium,  by  which  means 
the  sulphuric  acid  is  separated,  and  chloride  of  aluminum  is  leK 
in  soluiioD  with  the  chloride  of  potassium  and  the  excess  of  chlor- 
ide of  barium.  Alum  (KO,  SOi  +A1jO],  3SOs)  with  4  BaCl 
yields  4  (Ba  0,  S  0)  )  +  K  CI  +  Ali  Cl:i .  On  evaporation,  water 
IS  decomposed,  and  hydrochlorale  of  alumina  is  formed,  Ali  Cli 
+  8  U  O  =  All  Oi,  3  H  a.  When  the  dry  mass  is  ignited,  the 
hydrochloric  acid  is  expelled,  and  the  alumina  is  leu  with  the 
chlorides  of  potassium  and  barium,  which  are  removed  by  water. 

Pure  alumina  is  a  fine  while  powder,  quite  unalterable  in  the 
fire.  When  precipitated  firom  its  solution  in  acids  by  alcalies,  it 
forms  a  very  bulky  gelatinous  hydrate,  which,  when  dried  at  60°, 
ia  AlsOl,  6  HO;  if  dried  at  100°  it  becomes  AliOi,  3H0. 
Dry  or  anhydrous  alumina,  mixed  with  water,  forma  a  plastie 
maaa,  which  admits  of  being  moulded.  This  property  is  given  to 
clay  by  the  presence  of  alumina,  and  is  the  fonndation  of  the  art 
t£  making  porcelain  or  earthenware. 

Alumina,  after  ignition,  is  almost  inaolnble  in  acids ;  but  die 
hydrate  readily  dissolves  in  alt  strong  acids,  forming  salts  which 
have  a  peculiar  astringent  taste. 

Alomina  is  precipitated,  as  hydrate,  from  its  solutions  by  potash, 
soda,  ammonia,  and  their  carbonates ;  but  the  precipitate  readily 
dissolves  in  an  excess  of  the  two  first.  Sulphide  of  ammonium, 
which  precipitates  none  of  the  previously  described  metallic  oxides, 
causes  m  solutions  of  alnmina  a  precipitate,  which,  however.  Is  not 
a  sulphide,  but  the  hydrate  of  alumina  precipitated  by  the  ammo- 
nia of  the  tesL 

Besides  the  use  of  alumina  in  pottery,  it  is  mnch  used  in  dyeing 
and  calico-printing,  from  its  attraction  for  vegetable  coloring  mat- 
ters, and  for  the  fibre  of  doth.  It  forms  a  bond  or  union  between 
Uw  eloth  ud  the  dye,  aad  &a»  the  latter  on  the  former.    It  is 
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taid,  in  this,  to  act  as  a  mordant,  and  is  most  generally  used  in  the 
form  of  alum  or  acetate  of  alumina.  When  solution  of  alum  b 
mixed  with  a  coloring  matter,  and  the  alumina  then  precipitated  by 
an  alcali,  the  hydrate  carries  with  it  all  the  coloring  matter,  or  the 
greater  part  of  it,  and  forms  what  is  called  a  li&e.  The  water 
color  termed  lake  is  merely  a  lake  made  with  some  pink  dye  stuff, 
such  as  madder  or  logwood.     Carmine  is  a  lake  of  cochineal. 

ALUMTNUM   AND   CHLORINB. 

Sesquichloride  of  Aluminum.    Alt  Clt  ^  183*81. 

This  compound  is  prepared  by  passing  chlorine  gas  over  a  mix- 
ture of  alumina  and  charcoal,  heated  to  redness  in  a  tube.  The 
chloride  sublimes  into  the  cold  part  of  the  apparatus.  It  forms  a 
volatile  crystalline  mass,  colorless  or  slightly  yellow.  It  fumes  in 
the  air,  and  dissolves  in  water  with  much  heat.  It  appears  at  first 
to  combine  with  the  water,  formins^  a  hydrated  chloride,  Ala  CI 3, 
3  H  O  ;  but  on  heating  this,  hydrochloric  acid  is  expelled,  and 
alumina  is  left,  Ala  Cla,  3  H  O  =  Alt  Oa,  3  H  CI.  The  chloride 
is  used  for  the  preparation  of  aluminum. 

The  sulphide  of  aluminum  is  formed  when  sulphur  is  dropped 
on  red-hot  aluminum.  It  is  a  dark  gray  mass,  which  decomposes 
water,  forming  sulphuretted  hydrogen  and  alumina,  and  hence  its 
composition  must  be  Ala  Sa.  If  so,  we  have  Ala  Sa  +  3  H  0  = 
Ala  Oa  +  3  H  S.  Similar  compounds  are  formed  with  phosphorous 
and  selenium. 

32.  Glucirum.    23.  Yttrium.    24.  Thorirum.    25.  Zircoihtim. 

These  metals,  or  rather  their  oxides,  are  all  so  rare  as  not  to 
admit  of  any  useful  application.  The  oxides,  which  are  glucina, 
yttria,  thorina,  and  zirconia,  only  occur  in  a  few  rare  minerals. 

Glucina  occurs  in  the  emerald  and  the  beryl.  Its  composition 
is  analogous  to  that  of  alumina ;  and  its  formula  is  G^  Oa.  It  is  a 
white  powder,  insoluble  in  water,  soluble  in  acids,  forming  salts, 
which  have  a  sweetish  taste.  It  resembles  alumina  very  much, 
but  differs  from  it  in  bein^  soluble  in  solution  of  carbonate  of 
ammonia.  The  metal,  which  may  be  obtained,  like  aluminum, 
from  the  chloride,  bums  with  amazing  splendor  when  heated  in 
oxygen. 

Yttria,  the  oxide  of  yttrium,  occurs  in  gadolinite,  in  yttrocerite, 
and  in  yttrotantalite.  The  pure  earth  is  a  white  powder,  which 
dissolves  in  acids,  forming  sweetish  salts,  from  whicn  yttria  is  pre- 
cipitated by  alcalies ;  but  is  not,  like  alumina  and  glucina,  redis- 
solved  by  excess  of  potash  or  soda.  It  is,  moreover,  precipitated 
by  ferrocyanide  of  potassium,  which  these  earths  are  not.  Yttria 
seems  to  be  a  protoxide  of  yttrium,  Y  O.  The  salts  of- yttria  have 
often  an  amethyst  color ;  but  the  recent  researches  of  Mosander 
fieem  to  show  tnat  this  is  owing  to  the  presence  of  the  oxide  of  one 
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of  tbe  new  metals  detected  bj  him,  which  accomptuijr  Tttrinm.  It 
ia  probable  that  pure  yttiia  is  not  yet  knowD. 

Tborioa  is  still  more  rare,  and  has  only  been  found  in  one  min- 
eral —  thorite.  It  ia  a  while  powder,  resembling  yttria.  The  metal, 
tborinum,  bums  in  ur  or  oxygen,  when  heated,  with  great  splen- 
dor. It  also  bums  with  sulpnur  and  phosphorus,  as  do  the  two 
preceding  meiala. 

Zirconia  is  found  in  the  zircon  or  hyacinth.  It  resembles 
alumina  ia  appearance.  It  differs  from  all  the  preceding  earths 
in  being  precipitated  as  an  insoluble  subsulphate,  when  solutions 
of  its  salts  are  boiled  with  sulphate  of  potash.  The  metal,  urco- 
nium,  resembles  aluminum.  The  oxide  is  believed  to  be  a 
sesquioxide  Zra  O9. 


HETALS.  — CLASS  II. 

Obdxb  1.  —  Metals,  tbb  Protoxidbs  07  which  are  Powxb- 
rni.  Bases,  but  which  do  not  Decompose  Watbr,  uhless 
WITH  THB  Aid  or  a  Red-heat. 

96.  Uahsabesb.    Mn=U7-7. 

This  metal  occurs  in  considerable  abundance,  chiefly  as  deutoz- 
ide  or  peroxide  Mn  Oi,  which  is  much  used  in  the  arts  and  in 
chemical  manufactures,  as  well  as  in  the  laboratory.  The  metal 
is  obtained  by  making  oxide  of  manganese  into  a  paste  with 
<h1,  and  exposing  this  paste  to  a  strong  white-beat  in  a  covered 
crucible.  If  the  heat  be  high  enough,  a  button  of  the  metal  is 
obtained. 

It  is  hard,  brittle,  rery  difficultly  fusible  metal,  of  a  grayish- 
white  color,  Sp.  G.  8-013.  It  tarnishes  on  exposure  to  the  air,  and 
is  rapidly  oximzed  when  heated.  It  decomposes  water  rapidly  at 
B  red-heat,  hydrogen  being  disengaged.  As  a  metal,  it  is  not 
applied  to  any  nsenil  purpose. 

UAKOAinsE  Aim  oxtOEii. 
a.  Protoxide  of  Manganese.  Mn  0  =  3&'Tl3. 
This  oxide  is  obtained  when  the  peroxide  is  acted  on  by  hpdro- 
gen  gas  at  a  red-heat.  But  the  best  method  is  to  heat  to  redness 
B  mixture  of  1  part  of  dry  chloride  of  manganese,  I  part  of  sal 
ammoniac,  and  2  parts  of  dry  carbonat«  of  soda.  The  chloride 
nets  on  the  soda,  Un  CI  -|-  Na  0  =  Mn  0  +  Na  CI ;  forming  oxide 
of  manganese  and  chloride  of  sodium ;  while  the  carbonic  acid 
escapes  as  gas  ;  the  sat  ammoniac  is  also  expelled,  and  its  vapor 
serves  merely  to  exclude  the  oxygen  of  the  atmosphere.  From  the 
fiised  moss,  water  exirocts  the  chloride  of  sodium  ;  and  leaves  the 
protoxide  of  manganese  undissolved. 
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It  ia  a  powder  of  a  p»l«  grau-^reen  color,  which,  if  prepared 
by  hydrogen  nt  a  Ion  red-heat,  soon  attrantB  oxygen  from  the  air 
and  becomes  brown.  If  it  has  been  made,  howeTer,  at  an  ele- 
vated tempenture,  especially  by  tho  second  procuss,'  it  is  more 
compact,  and  keeps  tolerably  well.  When  heated  in  the  air,  it 
takea  fire  and  burns. 

Protoxide  of  manganese  is  a  powerful  base,  neutralizing  acida 
and  forming  salts,  which  are  either  colorless  or  bare  a  tinge  of 
flesh  color.  Its  solutions  give,  with  causdc  alc&lies,  a  preoipitsto 
of  hydrate,  which  is  at  first  white,  but  soon  absorbs  oxygen  and 
becomes  brown  ;  with  carbonated  alcalies,  a  white  predrntate  of 
aarbooate  of  manganese,  which  retains  ila  whiteness  till  it  is  dried, 
when  it  becomes  generally  slightly  fawn-colored.  Sulphide  of 
ammonium  causes  a  flesh-colored  precipitate  of  sulphide  of  man- 
mnese,  which,  in  the  air,  absorbs  oxygen  and  becomes  brown. 
Chloride  of  soda  or  bleaching  liquor  causes  a  bulky  dark  brown 
precipitate  of  hydrated  peroxide.  The  two  last  tests  are  charac- 
teriatic.  Ferrocyanide  of  potassium  gives  a  white  precipitate.  All 
the  salts  of  protoxide  of  manganese  may  easily  be  prepared  from 
the  carbonate,  which  again  is  most  economically  made  from  the 
chloride,  the  preparation  of  which  will  be  described  below.  The 
■ulpliate  is  used  m  calico-printing. 

b.  Sesquioxide  of  Manganese.  Hni  Os  =79-4S9. 
This  oxide  is  left  behind  when  the  peroxide  is  icpited  in  pre- 
paring oiyeen  gas:  2Mn03  =  Mni  Oa-|-0.  it  is  a  dork 
brown  powder,  very  similar  to  the  peroxide,  but  rather  lighter  in 
color,  and  yielding  no  oxygen  when  ignited.  It  is  a  feeble  base, 
and  is  only  known  to  combine  with  sulphuric  acid,  forming  an 
amethyst-colored  solution  of  sesquisulpbate.  With  sulphates  of 
potaib  and  ammonia  this  salt  forms  manganese  alums,  which  crys- 
tallize in  dark  purple  octahedrons.  When  heated  with  sulphuric 
acid,  it  yields  oxygen,  and  with  hydrochloric  acid,  chlorine  :  but 
leas  of  either  than  the  peroxide,  (which  see.)  As  some  specimens 
of  peroxide  are,  naCunuly  or  accidentally,  mixed  with  sesquioxide, 
the  manufacturer  finds  it  a  source  of  inconvenience  and  loss.  It 
occur*  in  a  pure  state  as  braunite,  and  combined  with  baryta  in 
psilomelan.  Its  hydrate  is  the  mineral  mangamle.  Its  powder  is 
dark  brown. 

e.  Hypwozide  or  Peroxide  of  HangaaeM.  Mn  Oi  •=  43-736. 
8nr.  OevtoxiJt  ^  Jfanffonen.  —  This  oxide  is  fbnnd  in  consid- 
erable  abundance,  and  is  known  in  the  mineral  kingdom  as  pyro- 
huite.  If  generally  assumes  the  fonn  of  a  black  shining  maaa 
composed  of  radiated  groups  of  aricular  crystals ;  also  in  disliiwt 
ciystaU,  which  are  right  rhombic  prisnu ;  and  in  the  compact  and 
even  earthy  state.    lu  powder  n  uMk.    When  heated  to  ndneM, 
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it  loM9  one-fourth  of  ita  oxygen,  leaving  seiMiuJoxide :  S  Mn  Oi  = 
MniOi+0.  In  a  wliite-heat  it  is  said  to  lose  half  its  oxygen, 
leaving  protoxide.  Heated  with  oil  of  vitriol,  it  forms  sulphate  of 
protoxide,  and  half  the  oxvgen  is  expelled  :  Mn  Oi  +  H  O,  8  Oi 
e=(UnO,  HO,  SO)) +  6.  With  hy'li^^''^"''  ^"^  ''  V^^^ 
chlorine,  chloride  of  manganese,  and  water:  UnOi~l-2HCI  = 
CI  +  Mn  CI  +  S  H  O.  It  also  yields  chlorine  irhen  heated  with 
common  salt  and  sulphuric  acid ;  and  this  is  the  process  common^ 
tised  by  the  manufacturers  of  bleaching-poivder ;  MnOi-f-^^Cl 
+  SHO.  S03=(MnD.  HO.  S03)  +  (NaO,  H0.80j)  +  C1. 

It  is  further  used  in  glass-making  lo  destroy  the  color  given  to 
the  glass  by  protoxide  of  iron,  which  it  converts  into  peroxide ;  in 
lai^er  proportion,  to  give  glass  an  amethyst  color ;  and  in  numerous . 
operations  in  the  laboratory,  as  a  convenient  oxidizing  (^nt. 

With  water,  peroxide  of  manganese  forms  a  hydrate,  MnOt, 
HO,  which  is  obtained  when  sails  of  the  protoxide  are  acted  on 
by  bleaching  liquor,  or  when  the  acids  of  manganese  are  sponta- 
neously decomposed.  It  is  a  beautiful  brown  powder,  which  is 
decomposed  by  heat. 

d.  Manganic  Acid.  HnOa=  61-739. 
This  acid  has  not  been  isolated.  It  is  only  known  in  combina- 
tion with  bases,  especially  potash,  in  which  state  it  forms  the  chief 
ingredient  of  the  mass  called  chameleon  mineral,  formed  by  ignitinfif 
^  peroxide  of  manganese  strongly  with  nitre,  or,  stii!  better,  by 
heating  a  mixture  of  peroxide,  chlorate  of  potash,  and  caustic 
potash.  A  dark  green  mass  is  formed,  which  is  tlie  chameleon 
mineral.  The  green  color  is  a  property  ot  manganic  acid  and  all 
ita  salts.  The  peroxide  obtains  oxygen  firom  the  nitre  or  oblta^te 
of  potash,  and  the  acid,  when  formed,  combine*  with  the  potash. 
Water  dksolvea  the  manganate  of  potash,  forming  a  splendid 
emerald-green  solu^on,  which  very  soon  begins  to  change  colw, 
and  passes  Uirough  bottle-green,  blue,  and  purple,  to  a  fine  crim- 
son rod,  hydraled  peroxide  of  manganese  being  at  the  same  time 
deposited.  The  red  color  belongs  to  a  salt  of  the  next  acid,  per- 
nanganio  acid,  (aee  below).  The  salts  of  manganic  acid  an 
decomposed  if  kept  in  sohilion,  depositing  hydnted  peroxide. 

e.  Penaanganic  Acid.  Mnt  Oi  =  111-491. 
The  salt  of  this  acid  with  potash,  permanganate  of  potash,  ia 
'  formed,  when  the  chameleon  mineral  (see  above)  is  dissolved  in 
hot  water.  The  green  color  of  the  manganate  changea  to  red, 
while  hjdrated  peroxide  separates.  3  eqs.  manganate  of  potash 
give  rise  to  1  eq.  permanganate,  1  of  peroxide,  and  2  of  free  pot- 
uh:3{KO,lfnO>}»MnO:.+  (KO,Mn*OT)  +  SK:0.  When 
the  red  solation  is  sufficiently  evaporated,  it  deposUa  small  dark 
bxaoM-oolravd  crystals  of  permanganate  of  potash. 
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This  salt  is  more  permanent  than  the  manganate  ;  but  when  we 
attempt  to  isolate  the  acid,  it  is  rapidly  decomposed,  yielding 
hydrated  peroxide  and  oxygen  gas  :  Mns07=  2  Mn  Oi4"  O3. 

The  name  of  chameleon  mineral  was  given  to  the  compound 
above  described  from  its  singular  changes  of  color.  BoUi  the 
above  acids  possess  and  communicate  to  their  salts  very  beautiful 
colors;  but  they  cannot  be  used  in  dyeing,  Ac,  because  these 
acids  are  so  easily  decomposed,  especially  by  the  contact  of  organic 
matter.  They  ought  to  be  filtered  through  asbestos  when  they 
require  filtration. 

f.  Red  Oxide  of  Manganese.    Mns  O4  =  116*162. 

This  oxide  occurs  in  nature,  and  may  be  obtained  when  any 
other  oxide  of  manganese  is  strongly  ignited  in  an  open  crucible. 
It  is  very  permanent  in  composition ;  its  color  is  reddish-brown. 
It  is  not  supposed  to  be  an  mdependent  oxide  of  the  metal,  but 
rather  a  compound  of  two  other  oxides.  It  may  be  either  Mn  O 
+  Mna O3,  or  Mn  O1+  2  Mn  0,  and  it  is  not  easy  to  say  which. 

g.  Varvicite.    Mn4  Ot  =  166-8. 

This  is  another  oxide,  found  native  in  Warwickshire,  whence  the 
name.  It  resembles  the  peroxide,  but  is  really  distinct  It  ia 
probably  a  compound  of  two  others,  Mna  Os+  2mn  Os. 

MANOAKSSK  AND   CHLOBINX. 

a.  Protochloride  of  Manganese.     Mn  CI  =s  63*15. 

This  salt  is  best  obtained  by  the  following  process :  —  The  solu- 
tion formed  in  the  preparation  of  chlorine  by  means  of  peroxide 
of  manganese  and  hydrochloric  acid,  which  is  generally  a  mixture 
of  chloride  of  manganese  and  more  or  less  perchloride  of  iron,  is 
first  rendered  neutral  by  gently  evaporating  it  to  dryness.  It  is 
then  redissolved,  and  a  portion  of  it  precipitated  by  carbonate  of 
soda,  which  throws  down  a  mixture  of  peroxide  of  iron  and  car^ 
booateof  manganese :  MnCl  +  FeiCls,  acted  on  by  4(NaO,COs) 
yield  (Mn  O,  C  Ot  +  Fea03+  4  Na  01  +  3  C  Ot .  The  precipi- 
Ule  is  well  washed,  and  then  bcnled  with  the  rest  of  the  solution, 
when  the  oxide  of  manganese  in  the  precipitate  acts  on  the  per- 
chloride of  iron  in  the  solution,  producing  chloride  of  manganese, 
which  dissolves,  and  peroxide  of  iron,  which  separates  :  3  ( Mn  O, 
COa^  +  FeaCls^SMnCl  +  Fe.Os  +  SCO..  The  filtered 
liquidf  is  free  from  iron,  if  we  have  hit  the  proportion  risht ;  if  not» 
A  second  operation  witb  a  smaller  portion  of  the  liquid  will  com- 
plete the  purification.  The  pure  solution  is  evaporated  to  dryneae 
m  a  retort,  and  there  fused.  On  cooling,  the  protochloride  forma 
a  pink  crystalline  mass.  Iron  is  the  ordinary  impurity  to  be 
removed ;  but  if  other  metals  be  present,  they  are  to  be  got  rid 
of  by  appropriate  means.     Thus,  if  cobalt  and  nickel  are  present^ 
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which  they  generally  are  in  small  quantity,  the  addition  of  sul- 
phide of  ammonium,  as  long  as  it  causes  a  dark  precipitate,  or 
till  it  produces  the  pure  flesh-color  characteristic  of  manganese, 
will  remove  them.  The  chloride  of  manganese  is  used  for  pre- 
paring, by  the  action  of  an  alcaline  carbonate,  pure  carbonate  of 
manganese,  from  which  all  other  salts  of  manganese  may  be 
obtained. 

b.  Perchloride  of  Manganese.    Mnt  Ch  =303*19. 

This  compound,  which  corresponds  to  the  permanganic  acid,  is 
formed,  according  to  Dumas  and  Wohler,  when  permanganate  of 
potash  is  heated  along  with  common  salt  and  sulphuric  acid :  K  O, 
Mna  Oi  +  7  Na  CI  +  8  S  O3  =  K  0,  S  O3  +  7  (Na  O,  S  O3)  4- 
Mns  CI7.  It  is  a  greenish-brown  volatile  liquid,  which  is  instaiitly 
decomposed  by  contact  with  moist  air,  forming  a  dense  cloud  of  a 
pink  color.  Here  water  is  acted  on,  and  the  products  are  hvdro- 
chloric  and  permanganic  acids  :  Mna  Ch  +  7  H  0  =  Mna  O7  4- 
7HC1. 

c.  Perfluoride  of  Manganese.    Mnt  Ft  =  186-46. 

When  mineral  chameleon  (or  better,  permanganate  of  potash) 
18  acted  on  by  sulphuric  acid  and  fluoride  of  calciimi  (fluor-spar) 
with  the  aid  of  heat,  a  greenish-yellow  gas  or  vapor  is  aisenga£;ecC 
which,  with  moist  air,  mstantly  becomes  red.  It  acts  powermlly 
on  glass.  Its  composition  seems  to  correspond  to  that  of  the  pre- 
cedmg  compound,  and  its  production  is  to  be  explained  in  the  same 
way,  substituting  fluoride  of  calcium  for  chloride  of  sodium. — 
(  Wdhler,) 

d.  Protosulphide  of  Manganese.    Mn  S  =  43*79. 

This  compound  is  found  native.  It  may  be  formed  by  passing 
a  current  of  sulphuretted  hydrogen  over  sulphate  of  manganese 
at  a  red-heat  The  sulphuric  acid  of  the  sulphate  is  expelled,  and 
the  protoxide  is  acted  on  by  the  sulphuretted  hydrogen  :  Mn  O  4- 
H  S  =  liin  S  -f-  H  O. ,  It  is  nearly  black  in  color,  and  dissolves 
readily  in  dilute  hydrochloric  and  other  acids,  with  disengagement 
of  sulphuretted  hydrogen :  Mn  S  -f  H  CI  =s  Mn  CI  +  H  S.  The 
flesh-colored  precipitate  formed  in  salts  of  protoxide  of  manganese 
by  sulphide  of  ammonium,  or  any  other  soluble  sulphide,  is  a 
hydrated  protosulphide  of  manganese :  Mn  S,  H  0. 

27.  laoH.    Fe  =  28. 

This  important  and  useful  metal  occurs  very  abundantly  in 
nature.  It  is  occasionally  found  in  the  uncombined  state  in 
masses,  most  probably  of  meteoric  origin :  but  its  most  common 
form  is  that  of  oxide,  frequently  uncombined,  frequently  also  com- 
bined with  carbonic  acid.  It  is  found,  likewise,  abundantly  as 
sulphide.  There  is  hardly  a  rock,  a  soil,  or  a  mineral  which  does 
16 
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not  contain  «ome  proportion,  generally  a  small  one,  of  oxide  of 
iron  :  and  the  carbonate  is  a  frequent  ingredient  in  mineral  waters, 
which  are  then  termed  chalybeate  waters. 

The  chief  ores  of  iron  are — 1.  Clay  iron  stone,  which  is  a 
more  or  less  pure  carbonate  of  protoxide,  generally  containing 
carbonates  of  lime  and  magnesia ;  it  accompanies  coal  beds  both 
in  England  and  in  Scotland.  2.  Red  hematite,  which  is  pure  per- 
oxide or  sesquioxide  of  iron ;  and  brown  hematite,  which  is 
hydrated  peroxide.     3.  Black  or  magnetic  oxide  of  iron. 

From  its  ores  iron  is  obtained  by  heating  them  in  furnaces,  in 
the  upper  part  of  which  the  ores  are  stratified  with  coal,  lime,  and 
sandstone.  The  carbon  of  the  coal,  at  a  red-heat,  reduces  the 
iron  to  the  state  of  metal,  while  the  sand  and  lime  act  as  a  flux, 
and  form  a  liquid  slag,  through  which  the  melted  iron  falls  to  the 
lower  part  of  the  furnace,  where  it  is  drawn  off.  The  slag  is 
drawn  off  separately  after  the  iron,  and  on  cooling  is  found  to  be 
a  mixture  of  silicates  of  lime  and  magnesia  with  a  little  iron. 

The  iron  thus  obtained,  which  is  called  pig  iron  or  cast  iron,  is 
not  pure,  containing  some  unreduced  ore,  or  earthy  matters,  and 
a  good  deal  of  combined  carbon.  It  is  far  more  fusible  than  pure 
iron,  but  also  far  more  brittle.  To  convert  it  into  pure  or  mallea- 
ble iron,  it  is  melted  and  exposed  to  a  current  of  air,  which  grad- 
ually bums  off  the  carbon.  The  mass  is  well  stirred,  and  the 
other  impurities  rise  to  the  surface  as  slag  or  dross.  By  degrees 
the  metal  becomes  less  fusible,  and  the  heat  must  be  increased, 
till  at  last,  with  the  strongest  heat,  the  metal  continues  solid.  It 
is  then  well  hammered  while  hot,  by  which  it  is  still  further  puri- 
fied, and  rendered  more  dense.  It  is  not  yet  absolutely  pure,* 
containing  about  ^  per  cent  of  carbon,  and  a  trace  of  silicon.  A 
very  gooa  test  of  the  purity  of  iron  is  its  ductility.  Unless  very 
pure,  it  cannot  be  drawn  out  into  fine  wire. 

If  perfectly  pure  iron  is  wanted,  the  filings  of  malleable  iron 
should  bo  fused  with  one-fourth  their  weight  of  black  oxide  of 
iron,  and  some  green  glass  to  act  as  a  flux.  Or  pure  oxide  of 
iron  may  be  reduced  to  the  metallic  state  by  passing  a  current  of 
hydrogen  gas  over  it  at  a  red- heat.  The  metal  remains  as  a 
spongy  mass. 

Pure  iron  has  a  gray  color,  and  strong  lustre  when  polbhed.  It 
is  veiy  ductile,  moderately  malleable,  and  remarkably  tenacious. 
It  is  hard  at  common  temperatures,  but  at  a  red-heat  it  is  so  soft 
that  it  may  be  beaten  into  any  form,  and  even  admits  of  being 
welded  ;  that  is,  two  pieces  of  iron  being  heated  red-hot,  may  be 
by  hammering,  so  incorporated  into  one,  that  no  joining  is  percep- 
tible. Its  Sp.  G.  is  7*7.  It  is  very  infusible,  requiring  the  very 
highest  temperature  of  a  wind  furnace  to  melt  it. 

Iron  is  attracted  by  the  magnet,  and  may  itself  be  rendered 
permanently  magnetic  by  ▼arious  means. 
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The  atb^ction  of  iron  for  oxygen  is  very  poverfiil,  and  when 
exposed  to  air  and  moislure  it  rusU  rapidly,  forming  oxide  of  iron. 
When  heated  to  redne$a  in  air,  iron  is  verv  quickly  covered  wiA 
a  crust  of  black  oxide,  which  scales  off  under  the  hammer.  If 
heated  to  redness  in  oxygen,  or  to  whiteness  in  the  air.  it  burns 
with  vivid  scintillations.  To  secure  the  result  in  the  air.  the  white- 
hot  metal  must  he  exposed  to  a  current  of  air  from  a  bellows,  or 


a.  Protoxide  of  Iron.     FeO=s  36-013. 

This  oxide  is  a  powerful  base,  almost  unknown  in  a  separate 
stale,  owiu^  to  its  tendency  to  attract  an  additional  quantity  of 
oxygen.  It  combines  with  acids,  forming  salts,  which  have  gen- 
erally a  pale  bluish-green  color,  although  some  are  colorless. 
Several  of  these  salts  are  of  great  importance  in  medicine  and  in 
the  arts,  parUcularJj  the  sulphate  of  iron,  or  green  vitriol. 

The  solutions  of  these  salts  give  with  alcalies,  when  no  trace  of 
peroxide  is  present,  a  bulky  white  precipitate  of  hydrated  protoxide 
of  iron,  which  soon  becomes  green,  and  lastly  brown,  being  con- 
verted into  peroxide  by  absorbing  oxygen  from  the  air.  They 
give  a  similar  precipitate,  not  more  permanent,  with  carbonated 
alcalies,  which  at  first  is  hydrat«d  carbonate  of  protoxide ;  but  a> 
oxygen  is  absorbed,  the  carbonic  acid  is  given  off,  peroxide  of  iron 
having  no  affinity  for  that  acid.  With  ferrocyanide  of  potassium 
they  give  a  pale  blue,  or  rather  a  white  precipitate,  which  gradu- 
ally becomes  dark  blue ;  and  with  ferridcywide  of  potassium 
(red  pruesiale)  a  deep  blue  precipitate  of  Prussian  blue.  These 
salts  are  not  affected  by  sulphuretted  hydrogen,  aulphocyanide  of 
potassium,  meconic  acid,  or  gallic  acid.  Sulphide  of  ammonium, 
and  soluble  sulphides  produce  a  black  precipitate  of  sulphide  of 

The  salts  of  protoxide  of  iron,  for  the  most  part,  attract  oxygen 
irom  the  air  and  from  other  bodies,  passing  into  salta  of  the  per- 
oxide. Hence  they  act  in  some  cases  as  deoxidiKog  agents.  Gold 
is  completely  reduced  from  its  solutions  by  protosulphato  of  iriM, 

b.  Sesquioxide  of  Iron.    Fea  Oi  =  80039. 

S™.  Perorid»  of  Iron.  —  This  oxide  is  found  native,  aa  red 
hema^te  and  specular  iron  ore  ;  and  hydrated,  as  brown  hematite. 
It  may  be  prepared  artificially  by  calcining  pure,  dried  green 
vitriol ;  when  the  protoxide  is  oxidized  at  the  expense  of  the  atd- 
phuric  acid,  and  water,  along  with  sulphuric  and  sulphurous  acids, 
IS  expelled:  2  (Fe  0,  H  O,  S  Os)  =  Fe.  Oi  +  8  H  0  + S  0» + 
SOs.  A  red  powder  is  left,  which  is  peroxide  of  iron,  and  in  this 
form  it  is  used  for  polishing  plate,  as  jewelers'  rouge,  or  coicothar 
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of  yitiiol.  Hydrated  peroxide  of  iron  is  obtained  by  precipitating 
a  solntion  of  persulphate  of  iron  or  perchloride  of  iron  oy  an  alcali, 
whether  caustic  or  carbonated.  When  protosulphate  of  iron  is 
precipitated  by  an  alcaline  carbonate,  the  precipitated  protocarbon- 
ate,  during  the  process  of  washing  and  drying,  loses  its  carbonic 
acid,  and  attracts  oxygen,  becoming  hydrated  peroxide.  This, 
when  dry,  is  a  brown  powder,  used  m  medicine  under  the  errone- 
ous name  of  carbonate  of  iron.  In  the  moist  state  it  is  the  only 
known  antidote  to  arsenious  acid. 

Peroxide  of  iron  is  not  magnetic.  It  is  a  base,  although  not  a 
powerful  one,  forming,  with  acids,  salts  which  are  either  yellow. 
Drown  or  red.  The  solutions  of  such  salts  or  persalts  of  iron,  as 
they  are  called,  are  very  easily  recognized.  They  give,  with  caus- 
tic or  carbonated  alcalies,  a  brown  precipitate  of  hydrated  peroxide; 
with  ferrocyanide  of  potassium,  a  deep  Prussian  blue ;  with  ferrid- 
cyanide  of  potassium,  no  precipitate  ;  with  sulphocyanide  of  pot- 
assium, or  with  meconic  acid,  a  blood- red  color ;  and  with  tannic 
^cid  (or  tannine)  and  gallic  acid,  a  bluish-black  color  (ink.) 
Sulphuretted  hydro^n  causes  a  white  precipitate  of  sulphur,  while 
the  peroxide  is  reduced  to  protoxide ;  sulphide  of  ammonium 
causes  a  black  precipitate  of  sulphide  of  iron.  These  tests  are  so 
delicate  and  so  uniform,  especially  those  of  ferrocyanide  of  potas- 
sium, sulphocyanide  of  potassium,  and  tannic  add,  or  infusion  of 
galls,  that  it  is  always  best,  in  tesdng  for  iron,  to  convert  any 
protoxide  that  may  be  present  into  peroxide  ;  which  is  easily  done 
by  boiling  the  solution  with  a  little  nitric  acid. 

c.  Magnetic  Oxide  of  Iron,  Fes  O4  =  116*062;  and  Fei  Os  =  162*065. 

This  oxide  is  a  native  magnet,  or  lodestone,  which  is  a  heavy 
black  mineral,  strongly  attracting  iron  filings,  or  steel.  It  is  be- 
lieved to  be  composed  of  protoxide  and  peroxide,  and  the  native 
magnet  is  generally  supposed  to  be  Fea  O4  =FeO-|-Fe«  O3. 
There  is  reason,  however,  to  believe  that  another  kind  of  magnetic 
oxide  exists,  which  is  Fe4  O5  =  2  Fe  O  +  Fes  Oa.  At  all  events, 
both  of  these  compounds  may  be  formed  artificially,  and  both  are 
magnetic  as  well  as  permanent ;  not  absorbing  oxygen,  or  passing 
into  peroxide.  To  prepare  the  former,  take  2  parts  of  green  vit- 
riol; dissolve  it  in  water,  and  convert  it  into  persulphate  by  boiling 
with  nitric  acid  ;  then  mix  the  solution  with  the  solution  of  1  part 
of  the  unaltered  green  vitriol,  and  precipitate  the  hot  liquid  by 
ammonia.  A  green  precipitate  falls,  which  is  to  be  washed  and 
dried.  The  second  magnetic  oxide  is  prepared  in  the  same  way, 
only  converting  into  persulphate  1  part  of  ^en  vitriol  instead  of 
2  parts.  The  precipitate  is  black,  if  made  in  the  liquid  while  hot. 
It  is  evident  Uiat  in  the  latter  case  the  quantity  of  iron,  in  the 
forms  of  protoxide  and  peroxide  will  be  equal :  in  the  former  the 
quantity  of  iron  in  the  peroxide  will  be  double  that  in  the  protoxide. 
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■0  as  to  yield  the  nboTe  formula.  Magnetic  oxide  of  iron  ia 
also  formed  when  iron  is  heated  red-hot  and  hammered.  The 
black  scales  which  separate  (smithy  ashes)  are  magnetic.  The 
same  oxide  is  produced  when  the  vapor  of  water  is  passed  over 
1  at  a  red-neat,  hydrogen  being  disengaged.     It  Is  used  in 


When  black  oxide  of  iron  is  dissolved  in  acids,  both  protoxide 
and  peroxide  are  present.  The  latter  may  be  precipitated  by 
digestion  with  carbonate  of  lime,  after  which  the  former  can  be 
detected  in  solution. 

d.  Ferric  Acid.    FeOa=fi3-039. 

Recent  researches  have  established  the  existence  of  this  com- 
pound, which  corresponds  to  manganic  acid.  It  is  very  easily 
decomposed,  and  is  hardly  known  in  a  separate  state.  Ferrato  ctt 
potash  may  be  obtained  in  solution  by  igniting  oxide  of  iron  with 
nitre,  or  by  passing  chlorine  through  aqua  potasste  in  which  pei^ 
oxide  of  iron  is  suspended.  The  solution  has  a  very  fine  and 
intense  purple  color,  which,  however,  is  not  very  permanent. 

niON   AND    CHLOMSB. 

a.  Protochloride  of  Iron.  Fe  CI  =  63-47. 
This  compoand'  is  formed  when  dry  hydrochloric  acid  gns-  is 
passed  over  iron  heated  to  redness,  hydrogen  gas  htaag  dJBen- 
gaged:  Fe+ HC1=:  FeCl+ H.  It  appears  as  a  wbit«  ojstal- 
une  solid,  volatile  in  a  very  high  temperature.  It  dissolves 
readily  in  water,  forming  a  pale  green  solution,  whUSjiMa  on 
evaporation  crystals  of  the  same  color.  Thes^  oontaih  water  of 
crystallization.  The  characters  of  this  solution,  its  color,  taste, 
and  reactions,  are  so  exactly  those  of  a  solution  of  a  salt  of  prot- 
oxide, that  there  is  good  reason  to  conclude  that  the  chloride,  la 
dissolving,  decomposes  waUr,  forming  protoxide  of  iron  and 
hydrochloric  acid. 

b.  Perchloride  of  Iron.  Fet  Cli  =  163'3&. 
Sys.  Setquichioride  of  Inm  ;  Pemturiate  of  Iron. — It  is  formed 
when  chlorine  gas  is  passed  over  iron  heated  to  a  temperature 
below  redness,  when  it  appears  as  red  iridescent  scales,  volatile  ati 
a  temperature  a  little  beyond  213°,  and  soluble  in  water,  alcohol, 
and  ether.  A  solution  of  the  perchloride  is  easily  obtained  b^ 
dissolving  peroxide  of  iron  in  hydrochloric  acid  :  Fei  Oj  -^  3U  Q~ 
sFei  Cli4-3H0.  When  evaporated  to  the  consistence  »A 
syrup,  and  cooled,  it  forms  red  crystals,  which  contain  water  (>4 
crystallisation.  When  heated,  they  are  [>artly  decomposed,  per- 
oxide being  formed,  and  hydrochloric  acid  passing  on,  in  cons^ 
quence  of  the  action  between  perchloride  of  iron  and  water.  -^^ 
perchloride  of  vcoa  ia  a  volcanic  product,  it  b  probably  in  ll^ 
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way  that  the  crystals  of  peroxide,  found  in  volcanic  diatricto,  have 
been  formed.    Percblonde  of  iron  b  mnch  used  in  medicine. 

IRON  AND  lODINI. 

u,  Protoiodide  of  Iron.  Fer  =  164'3- 
Wlien  iron  tilings  nnd  iodine,  in  atomic  proportions,  arc  brought 
in  contact  under  -water,  they  rapidly  combine,  with  considerable 
Ileal,  and  tlie  rcsultin";  iodide  dissolves  in  the  water.  The  whole 
is  boiled  wilh  a  slight  excess  of  iron  for  a  short  time,  and  the 
pale  green  filtered  solution  rapidly  boiled  down  in  a  Florence 
naak,  Ull  on  cooling  it  becomes  solid.  The  solid  mass  of  iodide  is 
broken  up,  and  kept  in  very  closely -stopped  bottles.  It  forms  a 
dark  gray  crystalline  mass,  which  is  very  soluble  in  water,  and 
forms  n  pale  green  solution  ;  the  solution,  which  is  much  used  in 
medicine,  attracts  oxygen  rapidly  from  the  atmosphere,  and  ia 
decomposed,  iodine  escaping,  and  peroxide  being  deposited.  It  is, 
therefore,  necessary  to  prepare  it  extemporaneously,  or  to  keep  it 
in  small,  tightly-corked  bottles,  with  a  portion  of  clean  iron  wire 
in  each. 

b.  Pcriodide  of  Iron.    Fei  I*  =  43i'». 
.This  compound  is  made  by  causing  an  excess  of  iodide  to  act 
on  iron  wire,  and  subliming  the  diy  mass  left  after  gently  evap- 
orating to  dryness.     It  is  n  voladic  deliquescent  body,  of  a  red 
color,  aoinble  in  water  and  alcohol. 

TIm  bromides  of  iron  are  analagoua  to  the  chlorides  and 
iodides;  and  the  fluorides  correspond  in  composition,  but  are 
■paringly  soluble  in  water. 

IRON  AND   SULPHUR. 

a.  Protosulphide  of  Iron.  FeS  =  44-ia. 
Tills  sulphide  is  prepared  by  heating  iron  filings  with  sulphur 
in  atomic  proportions,  when  they  combine  with  evolution  of  heat 
and  light.  Or  a  bar  of  iron  may  be  heated  to  whiteness  in  a 
forge,  and  a  stick  of  roll  sulphur  applied  to  the  hot  metal,  which 
n  inatantly  perforated,  while  the  sulphide  falls  to  the  ground  in 
melted  globules,  having  a  yellowish  color  and  metalHo  lustre. 
Prepared  by  the  first  process,  it  ia  partly  in  crjrstalline  grains, 
partly  in  the  form  of  a  black  powder.  It  is  used  for  procuring 
■ulphuretted  hydn^en  gas,  which  is  fonned  when  the  protosul- 
phide ia  dissolved  in  hydrochloric  or  sniphurio  acid :  Fe  S  +  H  Gl 
-FeCl  +  Ha 

b.  SeaqnJnlphide  of  Iron.    Fei  Si  =  104-36. 

It  U  fonned  by  the  action  of  hydrosvlphnrio  acid  (sulphuretted 

hjdrogen)  on  poroxide  of  iron,  at  a  beat  not  above  SIS",  ua 


fdlowish-gnif  powder ;  or  hy  adding  perchloride  of  iron  to  an 
excess  of  sulphide  of  ammonium,  as  a  black  powder,  rapidly  oxid- 
ized by  exposure  to  the  air. 

c.  Bisulphide  of  Iron.     Fe  Si  =  6034. 

8rN.  Inm  Pyriut.  —  This  is  a  very  abundant  mineral,  of  a 
yellow  color  and  metallic  lustre,  crystallizing  in  cubes  or  octabe- 
droDB.  When  healed  in  close  vessels  it  loses  nearly  half  its  sul- 
phur, which  may  be  collected,  magnetic  pyrites  being  left.  Iron 
pyrll«B  is  ofl«D  contaminated  with  arsenic,  which  accompanies  the 
sulphur,  and  is  found  in  the  sulphuric  acid  made  from  it. 

d.  Magnetic  Pyrites.     Pet  Si  =280-1. 

This  also  occurs  in  nature,  oud  is  attracted  by  the  magnet.  It 
dissolves  in  acids,  yielding  sulphuretted  hydrogen  and  a  residue 
of  sulphur. 

Arfwedson  has  formed  two  other  sulphides,  the  tetrasnlphide 
Fe<  S,  and  the  disulphidc  Fea  S,  which  have  no  particular  interest. 

Diphosphide  of  iron  is  an  ingredient  in  some  kinds  of  iron,  and 
has  the  bad  effect  of  rendenug  it  cold  short,  that  is  brittle  at 
common  temperatures. 

IBON  AND  OARDOM. 

Iron  forms  with  carbon  two  distinct  compounds,  the  precise 
composition  of  which  is  unlinown.     These  are  cast  iron  ana  steel. 

Cast  iron  is  obtained  in  the  process  for  extracting  iron  "from  its 
ores.  It  occurs  in  two  forms,  white  and  gray.  Both  Wb  far 
more  readily  than  pure  iron.  White  cast  iron  is  very  laid  and 
brittle ;  it  contains  about  5  per  cent,  of  carbon.  Gray  cast  iron 
is  softer  and  tougher;  it  contains  between  3  and  4  per  cent,  of 
carbon,  in  part  uncombined. 

Steel  contains  from  1'3  to  I'Tfi  per  cent,  of  carbon.  It  is  less 
fusible  than  cost  iron,  and  is  much  narder,  more  elastic,  and  more 
sonorous  than  pure  iron.  It  is  mode  by  cementation :  that  is, 
alternate  layers  of  iron  and  charcoal  are  placed  in  a  closed  cham- 
ber and  heated  to  redness  for  several  days,  during  which  time  a 
gradual  combination  takes  place. 

98.  ZiHc.    Zn  =  3a-3. 

This  metal  is  found  in  considerable  abundance.  It  occurs,  aa 
sniphide,  in  sine  blende  ;  and  as  carbonate  of  the  oxide  in  cala- 
mine. To  obt4un  the  metal,  the  sulphide  is  roasted  in  the  air  til) 
the  sulphur  is  burnt  off  and  the  zinc  converted  into  oxide ;  or, 
what  is  preferable,  the  carbonate  is  heated  till  all  the  carbonic 
acid  and  water  it  contains  are  expelled,  leaving  oxide  of  sine. 
The  oxide  is  now  mixed  with  charcoal  and  the  mixture  distilled  in 
retorts,  or  in  crucibles,  closed  at  the  top,  but  having  a  tube  open 
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at  botli  ends  fitted  into  the  bottom,  and  reaching,  within,  neariy 
to  the  cover.  The  oxide  is  reduced  by  the  action  of  the  charcoal 
at  a  full  red-heat,  and  the  metal  being  volatile,  distils  over  and  is 
condensed  in  water. 

Zinc  has  a  bluish-white  color  and  bright  lustre,  and  tarnishes 
slowly  on  exposure  to  the  air.  Its  Sp.  G.  is  about  7.  It  is  brittle 
at  ordinary  temperatures ;  but,  between  260°  and  300°,  it  is  both 
malleable  and  ductile,  and  may  be  rolled  or  hammered  into  sheets 
of  considerable  thinness.  It  melts  at  773°  (Daniell),  and  at  a 
high  red  or  white-heat  sublimes  or  distils  unchanged  in  close 
vessels.  Heated  strongly  in  air,  it  takes  fire  and  bums  with  a 
beautiful  white  light,  forming  oxide  of  zinc. 

ZING  AND   OXTOEN. 

Protoxide  of  Zinc    Zn  0  =  40*313. 

The  oxide  which  is  formed  when  zmc  is  burned  in  the  air  is  the 
only  compound  of  these  elements.  It  may  also  be  obtained  by 
heating  the  carbonate  to  redness,  or  by  precipitating  the  sulphate 
of  zinc  by  a  caustic  alcali,  in  which  latter  case  we  obtain  a  bulky 
gelatinous  hydrate  of  the  oxide.  Oxide  of  zinc  is  a  fine  white 
powder,  insoluble  in  water,  but  very  soluble  in  acids,  which  it 
neutralizes,  being  a  Yerj  powerful  base,  of  the  same  class  as 
magnesia. 

Solutions  of  oxide  of  zinc  are  recognized  by  the  following  char- 
acters. Caustic  alcalies  produce  a  bulky  white  precipitate  of 
hydrate*  soluble  in  an  excess  of  the  alcali.  The  alcaline  carbon- 
ates piecipitate  a  bulky  white  carbonate  of  zinc,  permanent  when 
carbonate  of  soda  or  potash  is  employed,  but  soluble  in  excess  of 
carbonate  of  ammonia.  Sulphuretted  hydrogen  has  no  action  if 
the  solution  be  acid ;  but  if  it  be  quite  neutral,  forms  a  white 
precipitate  of  hydrated  sulphide  of  zinc,  which  is  best  formed  by 
sulphide  of  ammonium.  Ferrocyanide  of  potassium  also  causes  a 
white  precipate. 

Chloride  of  Zinc     Zn  CI  =  67*76, 

This  compound  is  formed  by  the  action  of  chlorine  on  zinc,  or 
by  dissolving  zinc  in  hydrochloric  acid,  when  hydrogen  is  evolved : 
Zn  +  H  CI  =  Zn  CI  +  H.  The  solution  is  evaporated  to  dryness, 
and  sublimed  in  a  current  of  hydrochloric  acid  gas.  It  is  white, 
semi-solid,  very  fusible,  volatile  at  a  red-heat,  and  highly  deli- 
qucaeent.     It  was  formerly  called  butter  of  zinc. 

Iodide  of  Zinc.     Zn  I  =  168*6. 

When  iodine  is  acted  on  by  excess  of  zinc  under  water,  aa 
energetic  combination  takes  place,  and  a  colorless  solution  is 
obtained  which,  in  evaporation,  leaves  a  deliquescent  mass,  very 


analogous  to  Ihe  chloride,  and   capable  of  being  sablimed  in 
cryst^. 

The  bromide  and  fluoride  of  zioc  are  little  known. 
Sulphide  nf  Zinc.     ZaS  =  48-4. 

Sulphide  of  zinc  occurs  native,  under  the  name  of  zinc  blende, 
in  dodecahedral  crystals,  which  are  aomedmes  yellow,  sometimes 
red,  brown,  or  black.  It  may  be  formed  by  heating  oxide  of  zinc 
with  sulphur,  or  sulphate  of  zinc  with  charcoal,  in  a  closed 
crucible:  ZnO,SOs  +  C.  =4C0  +  ZnS. 

29.  Cadmium.     Cd==&5-8. 

This  metal  occurs,  in  tiie  form  of  carbonate,  as  an  ingredient  in 
various  kinds  of  calamine  or  carbonate  of  zinc  It  is  also  found 
in  the  form  of  sulphide,  as  the  rare  miueral  grecnockite,  and  to 
the  extent  of  5  per  cent,  in  some  kinds  of  sulphide  of  zinc.  The 
metal  is,  in  all  its  relations,  very  analogous  to  zinc,  and  is  almost 
invariably  found  associated  with  it. 

When  an  ore  of  zinc,  containing  cadmium,  is  treated  as  above 
described,  to  obtain  the  zinc,  the  first  vnpors  that  disiil  over, 
which  are  known  as  the  brown  blaze,  contain  the  cadmium,  and 
are  separately  collected.  To  purify  it  from  zinc,  it  is  dissolved  in 
an  acid,  and  the  solution  acted  on  by  a  piece  of  zinc  in  a  platinum 
vessel.  The  cadmium  is  reduced  aod  adheres  to  the  platinum,  the 
^nc  being  dissolved  in  its  place.  When  well  washed,  the  cad- 
mium may  be  dissolved  off  b^  nitric  acid.  Or  the  acid  solution 
of  both  metals  may  be  precipitated  by  sulphuretted  hjrdrogen, 
which  throws  down  cadmium  and  not  zinc.  The  eulphide  of  cad- 
mium is  then  dissolved  in  nitric  acid.  From  this  solution  alcalies 
throw  down  oxide  of  cadmium,  which  is  reduced  exactly  like 
oxide  of  zinc. 

Cadmium  is  in  appearance  similar  to  tin,  but  is  harder  and 
more  tenacious.  It  is  both  malleable  and  ductile.  .  Its  Sp.  G.  is 
8-6.  It  melts  at  about  460°,  and  bolls  at  a  temperature  not  a 
great  deal  higher  than  the  boiling  point  of  mercury.  When 
strongly  hented  in  the  air,  it  burns,  farming  oxide.  Like  zinc, 
it  forms  only  one  oxide,  chloride,  sulphide,  dec. 

Osride  of  Cailroiom.     Cd  O  =  63-813. 

The  oxide  is  best  prepared  by  heating  the  carbonate  to  redness. 
It  is  an  insoluble  orange  powder,  which  is  a  strong  base,  neutral- 
izing acids.  Its  salts  are  easily  recognized  by  the  following  tests. 
Caustic  alcalies  cause  a  white,  bulky  precipitate  of  hydrated 
oxide,  which  dissolves  in  excess  of  ammonia.  Sulphuretted 
hydrogen  prodnces  an  orange  precipitate  of  sulphide  of  cadmium. 

The  ohloride  and  iodide  of  cMmium  are  white  fusible  eom- 
poonds. 
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IM  TIN. 

The  sulphide  of  cadmium  is  an  orange-yellow  powdor»  soluble 
in  nitric  acid,  and  distingiiisheJ  from  yellow  sulphide  of  arsenic, 
by  bein;^  insoluble  in  caustic  potash,  and  fixed  in  the  fire. 

30.  Tin.     Sn=67-9. 

This  important  metal  occurs  in  Cornwall  and  in  Saxony,  in  the 
form  of  oxide,  from  which  the  meU)l  is  obtained  by  heating  with 
charcoal. 

Tin  is  a  white  metal,  with  a  very  high  lustre,  which  is  very 
little  tarnished  by  exposure  to  the  atmosphere.  It  is  very  mal- 
leable, yielding  leaves  (tinfoil)  not  thicker  than  j^zv  ^^  ^^  inch. 
It  is  soft,  and  when  bent  in  the  fingers  makes  a  peculiar  noise. 
Its  Sp.  G.  is  7'2.  It  melts  at  442^,  and  if  heated  to  whiteness  in 
air,  it  takes  fire  and  bums  with  a  white  flame,  forming  peroxide 
of  tin. 

TIN    AND   OXrOEN. 

a.  Protoxide  of  Tin.     Sn  O  =  65*913. 

This  oxide  is  prepared  by  adding  an  alcaline  carbonate  to  a 
solution  of  protocnloride  of  tm,  when  a  bulky  white  precipitate  is 
formed  of  hydrated  protoxide  of  tin  This  is  washed  with  warm 
water  and  dried  at  a  heat  not  above  196®.  The  dry  hydrate  is 
now  heated  to  redness  in  a  current  of  carbonic  acid  gas,  and  the 
anhydrous  protoxide  is  left. 

Protoxide  of  tin  is  a  dense  black  powder,  which  has  so  strong  an 
attraction  for  oxygen,  that  if  touched  with  a  red-hot  body,  it  takes 
fire  and  bums  into  peroxide.  It  dissolves  in  acids,  forming  salts 
which  absorb  oxy^n  with  avidity,  and  reduce  the  oxides  of  silver, 
mercury,  and  platmum  to  the  metallic  state,  if  added  to  their  solu- 
tions. With  solutions  of  gold,  salts  of  protoxide  of  tin  produce  a 
purple  precipitate,  the  purple  of  Cassius  ;  so  that  salts  ot  gold  and 
salts  of  protoxide  of  tin  are  mutually  tests  for  each  other.  Salts 
of  protoxide  of  tin  give,  with  sulphuretted  hydrogen,  a  black  pre- 
dpitate  of  protosulphide  of  tin. 

b.  Sesquioxide  of  Tin.     Sns  Os  =  129*839. 

When  moist  hydrated  peroxide  of  iron  is  mixed  with  a  neutral 
solution  of  protochloride  of  tin,  an  exchange  takes  place,  and  a 
bulky  precipitate  of  a  gray  color  is  formed,  which  is  a  hydrate  of 
sesquioxide  of  tin  :  Fea  O3  +  2  Sn  CI  =  Sm  O3  +2  Fe  CI.  The 
Bes<|uioxide  is  soluble  in  acids  and  in  ammonia,  the  latter  character 
distm^shing  it  from  the  protoxide.  Its  solution  in  hydrochloric 
acid  K)rms,  with  chloride  of  gold,  the  purple  of  Cassius  ;  and 
teems,  indeed,  better  adapted  for  making  it  than  the  protoxide. 

c.  Peroxide  of  Tin.    Sn  Ot  =  73*926. 
This  o^ide  exists  in  two  distinct  modifications :  — 1.  If  made  hj 
the  action  of  nitric  acid  on  tin,  which  is  very  violent,  it  appean 
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as  a  dense  white  opaque  powder,  which  is  a  hydrate,  insoluble 
ia  water  or  acids.  2.  If  prepared  by  adding  potasli  to  perchloride 
of  tin,  it  fomis  n  very  bulky  hydraie.  readily  aolubic  ia  acids  and 
alao  in  alcalies.  It  seems  rattier  to  possess  the  characters  of  n 
weak  acid  than  of  i\  bnse.  It  is  recognized  in  ita  solution  in  acida, 
by  forroiiig  with  alcalies  a  bulky  white  hvdrat«,  readily  dissolved 
by  excess  of  potash  or  soda,  and  by  yielding-,  with  sulphuretted 
hydrogen,  a  dirty  yellow  precipitate  of  bisul_phide  of  tin.  When 
melted  with  glass,  peroxide  of  tin  renders  it  opaque,  forming  a 
white  enamel. 


a.  Protochloride  of  Tin.  Sn  CI  =  93-37, 
This  chloride  is  formed  when  chlorine  gDS  is  passed  over  metal- 
lic tin  moderately  heated,  when  hydrogen  is  given  off.  When  dry 
it  is  a  gray  solid,  fusible  below  redness.  Tin  dissolves  in  hydro- 
chloric acid,  and  the  concentrated  solution  depoHites  acicular  crys- 
tals, which  are  a  hydralcd  chloride  :  Sn  CI  +  3  H  O.  When  heated, 
they  give  off  water  and  hydrochloric  acid,  while  protoxide  is  lefl : 
Sn  CI  -f  3  H  0  =  Sn  O  -f  H  CI  +  2  H  0.  The  addition  of  a  large 
quantity  of  water  decomposes  these  crystals,  causing  the  formation 
of  an  insoluble  white  powder,  which  is  n  compound  of  oxide  and 
chloride  with  water,  the  solution  of  protochloride  of  tin,  made 
by  digesting  an  excess  of  tin  in  hydrochloric  add  as  long  as  hydro* 
gen  is  given  off,  is  much  used  as  a  deoxidizing  agent.  It  is  appar- 
ently resolved  into  bichloride  and  metal,  i  Sn  Cf^  Sn  CIs  ~]-  Sn ; 
and  the  latter,  probably,  is  the  true  agent  in  deoxidizing.  It  is  also 
used  for  making  the  purple  of  Cas^ns 

b.  Perchlcride  of  Tin.     So  Cli  =  13B-74. 

When  protochloride  of  tin  is  heated  in  excess  of  chlorine  gas,  or 
when  B  parts  of  tin  powder  are  distilled  with  24  of  bichlonde  of 
mercury,  a  volatile  fuming  liquid  ia  obtained,  formerly  knovm  aa 
the  fuming  liquor  of  Libavius,  which  is  bichloride  of  tin.  It  is 
obtained  in  solution  by  dissolving  tin  in  nitro-hydrochloric  acid  of 
moderate  strength,  adding  small  jf>ortions  of  tin  at  a  time  ;  also  bv 
forming  a  solubou  of  protochloride,  and  passing  chlorine  throagh 
it,  or  heating  it  gently  with  a  Uctle  nitric  acid.  It  is  much  used  in 
dyeing  as  a  mordant. 

The  protoiodide  of  tin  is  a  brownish-red  funble  solid,  dissolving 
in  water  ,-  the  periodide  forms  silky  yellow  crystals. 

TIN  AND   BDLPBDB. 

a.  Protosulphide  of  Tin.    8n  S  =  74. 

Thia  compound  U  formed  by  pouring  melted  tin  on  its  own 

weight  of  sulphur,  and  atirring  veil.    The  maas  is  then  powdered, 
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Bind  viiii  man  wpfaar,  aad  throvB  bj  degrees  iato  m  led-hot 
<ra^^k.  br  vhkb  means  ibe  vboie  of  the  lia  is  solpbuiied.  It 
ionLi  it  b!abh-b:^k  briuje  s-j^ii.  L&v:nj  meuiilic  lustre.  It  is  also 
ion&rd  vbrra  ^Ts'pburet^ed  bydro>jrxi  ar*^  on  solauons  of  protoxide 
or  proiocbloriie  of  tin. 

b.  Persclpiilde  of  Tin.     Sa  St  =  901. 

Tbis  siLpbide.  fxmerlr  c^lei  avrum  tiiusimni,  is  prepared  by 
beaiiii^  u>  low  redness.  In  a  report,  a  mixnire  of  2  pans  peroxide 
of  tin.  i  of  so^pbor,  and  1  of  sal  ammoniac.  Tbe  sulpbide  is  left 
in  tbe  form  of  gOiden-jellow  scales,  bavin^  a  metallic  lustre.  It  is 
Bolable  in  pouisb.  It  is  also  formed  as  a  dirtT-yellow  bolkj 
hydrate  bv  the  action  of  solpburetted  bvdrogen  on  solutions  of 
peroxide  or  perchloride  of  tin. 

31.   COEALT.     Co  =  29-5. 

Tbis  metal  occurs  pretty  abundantly,  generally  combined  with 
arsenic,  and  associated  with  nickel  and  iron.  A  trace  of  it  is 
always  foimd  in  meteonc  iron.  To  obtain  tbe  metal  from  the  arw- 
niuride,  tbe  ore,  finely  powdered,  is  gradually  added  to  3  parts  <^ 
bisulpbate  of  potash,' melted  in  a  moderate  heat,  and  gradually 
increasing  the  fire,  till  no  more  white  fumes  appear.  l%e  mass, 
when  cold,  is  powdered  and  boiled  with  water  as  long  as  anything 
is  dissolved.  The  solution  is  free  from  arsenic,  and  contains  sul- 
phate of  protoxide  of  cobalt.  It  is  precipitated  bv  carbonate  of 
soda,  and  the  washed  precipitate  acted  on  by  oxauc  acid,  which 
forms  an  insoluble  pink  powder  of  oxalate  of  protoxide  of  cobalt. 
Should  iron  be  present,  it  forms  a  soluble  compound  with  the 
oxalic  acid,  provided  it  has  been  brought  into  the  state  of  peroxide 
by  boiling  the  solution  with-  a  little  nitric  acid  before  precipitating 
with  carbonate  of  soda.  The  only  impurity  now  likely  to  be  pres- 
ent is  nickel,  and  to  separate  this,  the  oxalate  is  dissolved  in  an 
excess  of  ammonia,  and  the  solution  exposed  to  the  m  in  a  deep 

flass  vessel.  As  the  ammonia  evaporates,  the  nickel  is  depositea 
if  present)  in  tbe  form  of  a  pale-green  insoluble  double  oxalate 
of  nickel  and  ammonia,  while  tbe  cobalt  remains  dissolved,  forming 
a  port-wine-colored  soluUon.  Tbis  being  digested  with  excess  of 
potash,  yields  a  dark  brown  precipitate  of  pure  peroxide  of  cobalt. 
This  is  again  dissolved  in  hydrochloric  acid,  tbe  solution  precipi- 
tated by  caustic  potash  or  carbonate  of  soda,  and  the  precipitate 
converted  into  oxalate,  which  is  now  quite  pure  ;  and  the  oxalate 
being  heated  to  whiteness  in  a  closed  crucible,  with  a  small 
aperture  for  escape  of  gas,  leaves  a  button  of  pure  metallic  cobalt 
The  oxalate  of  cobalt,  Co  O,  Cs  Os,  is  resolved  by  the  heat  into 
carbonic  acid  and  metal :  Co  O,  Ca  O3  =  Co  +  2  C  Os. 

Cobalt  is  a  metal  of  a  reddish-gray  color,  rather  brittle  and  very 
infusible.  Its  Sp.  G.  is  7*8.  It  is  attracted  by  Uie  magnet  At  a 
red-heat  it  decomposes  water,  hydroi|;en  being  disengaged. 
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0C»AL1  AND  OZrOBK. 
B.  Protnxideof  Cobdt.     CoO  =  3T-613. 
Obtained  by  c&lcining  carbonate  of  cobalt  in  cloM  veRsela,  of 
an  ash-gray  powder.     It  is  a  strong  base,  and  forms,  with  acids, 
•alia  wbich  are  cither  pink  or  blue.     Zaffre  and  smalt,  which  are 
CO  much  used  for  painting  blue  on  porcelain,  and  by  the  paper- 
makers  to  correct  the  yellow  tinge  of  their  paper,  are  silicates  of 
this  oiide.     The  solutions  of  its  salts  are  precipitated  by  caustic 
alcalies,  which  form  a  blue  hydrate,  gradually  changing  to  green, 
soluble  in  excess  of  ammonia.     Carbonates  produce  a  lilac-colored 
,  precipitnte  of  carbonate  of  cobalt     Sulphuretted  hydrogen  pro- 
duces no  change :  the  sulphide  of  ammonium  produces  a  black 
sulphide. 

When  this  oiide,  or  the  peroxide  of  cobalt,  are  heated  in  the 
(ur,  they  both  yield  a  black  oxide,  which  correapoiids  to  the  red 
oxides  of  manganese,  its  formula  being  CoiOt  =  CoO-|-  CosOa. 
The  green  hydrate,  formed  when  hydrate  of  the  protoxide  is 
exposed  to  the  air,  is  a  hydrate  of  this  oxide. 

I>.  Peroxide  of  Cobalt.    Coi  0«  =83039. 

BtB.  S«»qvioxidt  of  Cobail.  —  When  bleaching  liquor  (hypo- 
eblorite  of  lime)  is  added  to  solutions  of  protoxide  of  cobalt,  or 
when  chlorine  ii  passed  through  bydraled  protoxide  suspended  in 
water,  a,  black  powder  is  formed,  which  is  hydrated  peroxide.  3 
eqs.  protoxide,  and  1  eq.  chlorine,  yield  1  eq.  protochloride  and  1 
eq.  peroiide :  3  Co  +  CI  =  Co.  0.  +  Co  CI. 

Peroxide  of  cobalt  is,  like  peroiide  of  manganese,  an  indifferent 
or  neutral  oxide,  for  it  does  not  combine  with  acids  ;  and  when 
dissolved  in  hydrochloric  acid,  it  forms  protochloride,  chlorine 
being  disengaged. 

Chloride  of  Cobalt.    Co  CI  =  64-9&. 

Obtained  by  dissolving  cobalt,  or  any  of  its  oxides,  in  hydro- 
chloric acid.  The  solution  is  pink,  and  on  evaporation  yields 
beautiful  red  crystals  of  hydrated  chloride,  or  possibly  bydrochlo- 
rate  of  the  oude.  When  dried  by  heat,  the  chloride  is  of  a  deep 
blue,  but  is  instantly  rendered  pink  by  the  contact  of  water.  The 
crystals  are  either  Co  CI,  H  0,  or  Co  0,  H  CI.  When  traces  are 
made  on  paper  with  a  dilute  salution  of  chloride  of  cobalt,  they 
are  inviuble  when  dry;  but,  when  warmed,  assume  a  decided 
blue  color,  irhich  disappears  again  on  cooling,  as  they  again 
absorb  moisture  from  the  air.  This  is  the  most  beautiful  of  the 
sympathetic  inks.  If  iron  or  nickel  be  present,  the  traces  appear 
green  instead  of  blue. 

The  eolphides  of  cobalt  are  not  of  much  interest.  The  proto- 
•ulf^de,  Go  S,  is  formed  when  sulphide  of  ammcmium  acta  on 
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salts  of  protoxide  of  cobalt  as  a  black  precipitate.  According  to 
Wuhler,  sulphide  of  cobalt  is  easily  obtained  by  fusing  the  arsenide 
of  cobalt  with  3  parts  of  pearlash  and  3  parts  of  sulphur.  The 
arsenic  forms  ^  soluble  compound,  and  this  is  removed  by  water, 
leaving  sulphide  of  cofialt  as  a  black  powder.  This  may  be  dis- 
aolved  in  nitric  acid,  and  the  cobalt  purified  from  iron  and  nickel, 
as  above  described.  This  process  tor  extracting  cobalt  from  its 
ores  would  seem  to  be  the  best  of  all. 

The  compounds  of  cobalt,  when  fused  with  glass,  give  to  it  a 
beautiful  blue  color,  and  their  use  in  painting  the  blue  patterns  on 
china  is  well  known.  The  finest  cobalt-blue  for  painting  is  made 
by  beating  a  mixture  of  15  parts  of  alumina  with  2  of  phosphate 
of  cobalt  to  redness. 

32.  Nickel.    Ni  =  29-5. 

This  metal  is  rather  rare ;  it  occurs,  like  cobalt,  chiefly  in  com- 
bination with  arsenic,  and  associated  with  iron  and  cobalt.  A 
very  good  method  of  extracting  it  from  the  arsenide,  or  speiss,  as 
it  is  called,  is  that  of  Wuhler,  which  is,  to  fuse  the  speiss  with  3 
parts  of  pearlash  and  3  parts  of  sulphur.  The  arsenic  forms,  with 
the  sulphur  and  potash,  a  soluble  compound,  and  the  nickel  forms 
with  the  sulphur  an  insoluble  sulphide.  This  is  well  washed  with 
water,  and  dissolved  in  nitric  acid ;  and  the  solution,  after  any 
lead,  copper,  or  bismuth  that  may  be  present,  have  been  precipi- 
tated by  a  current  of  sulphuretted  hydrogen,  is  precipitated  by 
caustic  or  carbonated  potash  or  soda.  The  washed  precipitate  is 
now  acted  on  by  an  excess  of  oxalic  acid,  which  forms,  with  the 
peroxide  of  iron  that  is  generally  present,  a  soluble,  and  with  the 
oxide  of  nickel  an  insoluble  oxalate,  which  of  course  includes  any 
cobalt  that  the  ore  may  have  contained.  The  oxalate  is  now  dis- 
solved in  an  excess  of  ammonia,  and  the  solution  exposed  to  the 
air.  As  the  ammonia  escapes,  the  nickel  is  deposited  as  an 
insoluble  double  oxalate,  while  the  cobalt  remains  dissolved  as  a 
soluble  double  oxalate,  of  the  metallic  oxide  with  ammonia.  The 
nickel  salt,  being  ignited,  leaves  an  oxide,  which  may  be  reduced 
by  heating  with  charcoal,  or  dissolved  in  acid,  and  again  converted 
mto  oxalate,  which  this  time  is  free  from  cobalt,  and  appears  as  a 
pale  apple-green  powder.  The  oxalate  of  nickel,  oeing  well 
washed,  dried,  and  ignited  in  a  closed  crucible,  with  an  aperture 
for  the  escape  of  gas,  leaves  metallic  nickel,  which,  if  the  heat  be 
very  intense,  is  fused  into  a  button. 

Wohler  gives  another  process,  which  is  said  to  be  preferable  to 
the  above.  It  consists  in  projecting  the  finely  powdered  ore  along 
with  2  parts  of  nitre  and  one  of  carbonate  of  potash,  by  degrees, 
into  a  red-hot  crucible,  and  finally  raising  the  heat  for.  a  good 
while.     The  arsenic  is  oxidised,  yielding  arsenic  acid,  which  unites 
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with  lie  potaah,  while  U)e  niclcel  ia  abo  oxidized,  iBd  forv  oxide 
of  nickel,  which  ia  left  undissolved  when  the  mass  is  lixiviated  with 
water.  Tbia  -oxide  is  pure,  except  front  cobalt  and  iron,  which 
must  be  separated  as  above.  When  these  metals  are  not  present, 
the  oxide  may  be  at  once  reduced  bf  heating  with  charcoal,  and 
yields  pure  mckel. 

Nickel  is  nearly  silver-white,  but  has  a  tinge  of  gray.  It  has  a 
high  lustre,  is  hard,  and  malleable.  Its  Sp.  G.  is  6  9.  It  is  very 
infusible,  and  decidedly  magnetic.  It  decomposes  water  at  a  red- 
heat.  Magnetic  needlea  may  be  made  of  il,  which  do  not  rust. 
It  is  DOW  much  used  in  the  manufacture  of  German  silver  or 
argentan,  which  is  an  alloy  of  copper,  sine,  and  nickel.  The  better 
qualities  contain  more  nickel  than  the  inferior  kinds. 

KICKSL  AKD  OXIOEK. 

Protoxide  of  Nickel.    Ni  0  =  37-6)3. 

Its  preparation  is  given  above,  in  Wohler's  second  process  for 
metallic  nickel.  It  is  a  greenish-gray  powder,  which  is  a  base, 
and  forms,  with  acid,  salts  which  are  all  green  of  different  shades. 
Solutions  of  these  salts  give  pale  apple-green  precipitalea  of  hydrate 
and  carbonate,  with  caustic  and  carbonated  potash  and  soda. 
Ammonia  causes  a  slight  precipitate,  which  is  instantly  redissolved 
by  an  excess,  forming  a  violet-blue  solution.  Salts  of  nickel  are 
not  precipitated,  in  acid  solutions,  by  sulphuretted  hydrogen,  but 
sulphide  of  ammonium  causes  a  black  precipitate  of  sulphide  of 
nickel. 

b.  Peroxide  of  Nickel.    Nil  Oi  =83039. 

Syh.  Seiquloxide  c^  Sietel — May  be  formed  by  passing  chlo- 
rine through  water  in  which  the  hydrated  protoxide  is  suspended. 
It  is  an  indifferent  oxide  or  superoxide,  analogous  to  seaquiozide 
of  cobalt.     It  ia  a  black  powder. 

Chloride  of  Nickel.    Ni  CI  =  64-96. 

Analogous  to  chloride  of  cobalt.  Its  solution  is  emerald-green, 
and  yields  crratala  of  the  same  color  ;  but  when  entirely  deprived 
of  water,  it  is  yellow.  At  a  low  red-heat  it  sublimes  and  con- 
denaes  in  brilliant  gold-yellow  acatea. 

Protosulphide  of  Nickel.     Ni  S  «  4ft-6. 

Aoalogoua  to  protosulphide  of  cobalt,  and  formed  in  the  same 
way.  Sulphur  and  nickel  unite  when  heated  together,  with  disen- 
gagement of  heat  and  Lght,  forming  a  grayish -yellow  metallic 
mass.  The  precipitated  sulphide  is  black.  Sulphide  of  nickel  ia 
found  native  in  fine  eryatala  of  a  pole  brass-cofor,  as  the  HaarUea 
of  the  GfinoBDS. 


Obdmi  i.  —  UxTALS  WHICH  DO  HOT  Dtooupoax  Watkr  at  art 
Tbhfxbatdbe,  and  tbb  Oxideb  op  which  aub  not  reducbd 
TO  TUK  Metallic  State  by  ths  bole  action  or  Heat. 

33.  AsaENic.    Ae  =  75'4. 

This  metal  is  occasionally  found  native,  but  it  is  chiefly  met  with 
in  combiaaLion  with  cobalt,  nickel,  and  iron.  When  Ibe  arsenides 
of  these  metals  are  he&t«d  to  redness  in  a  current  of  air,  a  great 
pitTt  of  the  arsenic,  being  volatile,  rises  in  vapor,  and  is  deposited 
ID  the  cold  part  of  the  chimney  in  the  form  of  white  oxide  of 
arsenic  or  arsenious  acid,  the  well-known  white  arsenic  of  com- 
merce. This  substance  is  mixed  with  charcoal  or  black  flux  (a 
mixture  of  charcoal  with  carbonate  of  potash),  and  the  mixture 
introduced  into  a  medicine  phial,  filling  it  about  one-third.  The 
phial  is  then  placed  in  sand,  the  snnd  reaching  as  high  as  the  mix- 
ture, and  grtulually  heated  to  low  redness.  The  metal  sublimes 
and  condenses  in  the  upper  part  of  the  pbial,  which,  when  cold, 
may  be  cat  off. 

Arsenic  is  a  veir  brittle  metal,  of  a  whitish-gray  color,  and  very 
high  lustre.  Its  8p.  G.  is  5'BO.  When  Iieat«d  to  356°,  it  sub- 
limes without  previously  melting,  its  melting  point  being  higher 
than  its  boiling  point  under  the  usual  pressure.  Its  vapor  has  a 
strong  alliaceous  smell,  a  property  which  is  characteristic  of 
arsenic,  no  other  metal  posses.ting  it.  It  sometimes  rapidly  tar- 
nishes on  exposure  to  the  air,  becoming  nearly  black :  and  when 
snblimed  in  a  current  of  air  it  is  oxidized,  being  converted  into 
arsenious  acid.  The  rapid  tarnishing  of  arsenic  is  probably  owing 
to  the  presence  of  a  little  potassium,  derived  from  black  flux  :  for 
(he  native  metal,  when  sublimed,  does  not  tarnish. 

AB8EHIC  AND  OXYOBN. 
a.  Arsenious  Acid.     AsO]^99.439. 

The  formation  of  this  substance,  when  arsenic  is  sublimed  in  n 
enrrent  of  air  has  been  mentioned.  Jl  occurs,  when  newly  sub- 
limed, as  a  hard  brittle  glass;  which,  when  kept,  slowly  becomes 
opaque  nnd  crystalline,  the  change  often  taking  years  lo  reach  the 
centre  of  a  small  lump  of  the  glass.  The  Sp.  G.  of  arsenic  acid 
is  3-7.  At  SBO"  it  sublimes,  yielding  inodorous  vapors,  which 
condense  in  octohedral  crystals,  when  the  sublimation  is  slowly 
conducted  in  a  glass  lube. 

It  has  little  taste,  which  renders  it  the  more  dangerous  as  a 
ptHBon  ;  as,  when  taken  by  mistake,  there  is  no  warning,  as  in  the 
cue  of  many  other  poisons.  It  is  sparingly  soluble  in  water,  but 
the  crystalline  variety  is  more  soluble  than  the  glassy  ;  100  parts 
of  hot  water  dissolving  1  Ifi  of  the  former,  and  only  S-7  of  the  latter. 

Anenioua  acid,  whether  in  the  soUd  form  or  in  that  of  solution, 
is  a  most  virulent  poison,  and  b,  unfortunately,  m  aceessiUe  M 


TESTS    FOK    ABBKKrC.  2D1 

to  be  often  used  for  criminal  purpoees.  Iti  detection,  tlwrefbre, 
is  a  matter  of  the  utmost  importance ;  and  innumerable  tests, 
more  or  less  effectuai,  have  been  proposed.  These,  however, 
may  with  advantage  be  reduced  to  a  very  small  number  ;  which 
again  are  best  divided  into —  1.  Those  tests  which  apply  to  pure 
arsenious  acid,  or  its  salts  ;  and,  2.  Those  which  apply  to  mix- 
tures, such  es  are  likely  to  occur  in  medico-legal  invesiigations. 

1.  Pure  arscnious  acid  is  easily  recognised,  as  a  heavy  white 
powder,  volatile,  without  smell,  sparingly  soluble  in  water,  and, 
when  heated  with  charcoal,  black  fluz,  forminte  of  soda,  or 
cyanide  of  potasKium.  yielding  a  volatile  crust  of  metallic  arsenic, 
the  vapors  of  which  have  the  odor  of  garlic. 

The  solution  gives,  with  lime-water  in  excess,  an  insoluble 
white  precipitate  of  arsenite  of  lime  ;  with  ammoniato-nitrate  of 
silver,  a  yellow  precipitate  of  arsenite  of  silver ;  with  ammoniaco- 
sulphate  of  copper,  a  grass-green  precipitate  of  arsenite  of  copper ; 
and  wiih  sulphuretted  hydrogen,  acetic  or  hydrochloric  acid  being 
first  added  to  the  solution,  un  orange-yellow  precipitate  of  ler- 
sulphide  of  arsenic.  When  to  the  solution  of  arsenious  acid,  or 
of  any  of  its  salts,  sulphuric  acid  is  added,  and  a  portion  of  pure 
Bine  introduced  into  the  acid  liquid,  the  hydrogen  disengaged  by 
the  action  of  the  zinc  on  the  acid,  is  found  to  be  mixed  with  a 
portion  of  arseniuretted  hydrogen  gas,  the  presence  of  which 
gives  it  an  alliaceous  smell,  and  causes  it  to  bum  with  a  pale  blue 
flame.  If  a  piece  of  cold  glass  or  porcelain  be  held  in  contact 
with  this  flame,  a  black  stain  or  crast  of  metallic  arsenic  is  depos- 
ited on  it,  and  this  crust  may  be  easily  recognised  by  its  volatility, 
and  the  other  characters  of  arsenic.  —  (Marsh.)  If  the  hydrogen 
gas,  containing  arseniuretted  hydrogen,  instead  of  being  burned 
at  the  end  of  the  tube,  be  slowly  passed  through  a  long  narrow 
tube  of  hard  glass,  part  of  which  is  heated  to  redness,  th« 
arseniuretted  hydrogen  is  decomposed  at  the  red-hot  part  of  the 
tube,  and  the  arsenic  deposited  as  a  bright  metallic  crust,  a  little 
beyond  the  hot  part. 

2.  When,  however,  arswiious  acid  occurs  in  mixtures  contain- 
ing much  orLiinic  matter,  such  as,  for  example,  are  found  in  the 
stomach  or  intestines  of  those  poisoned  with  arsenic,  or  in  the 
matters  vomited  before  death,  a  method  must  be  adopted  which 
removes  all  organic  matters,  and  permits  the  operator  to  test  for 
arsenic  with  security.  The  following  method,  lately  proposed  by 
FresemoB  and  Von  Babo,  is  perhaps  the  best: 

a.  Two-thirds  of  the  suspected  mixture,  or  contents  of  the 
stomach,  all  solid  parts  being  cut  small,  are  introduced  into  a 
large  porcelun  capsule  (the  remainder  being  kept  in  case  of  acci- 
dents), and  mixed  wiih  a  moderate  quantity  of  pure  hydrochloric 
acid,  and  as  much  water  as  gives  to  the  whole  the  consistence  of  a 
thin  gnel,  which  ia  heated  in  the  vapor  bath,  and  chlorals  ot 
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potftsh  added  at  interrals  of  five  miautea  ia  portiooB  of  20  or  30 
gnuQS  U>  the  bot  liquid,  until  the  whole  has  become  cleitr  yellow, 
perfectly  horao^neoua  and  fluid.  At  this  point  about  i  drachma 
more  of  chlorate  are  added,  and  the  vessel  removed  from  the 
rapor  bath.  Wbea  quite  cold  it  is  strtuned  throufrh  linen,  or  fil- 
tered, and  the  residue  on  (be  filter  well  washed  with  hot  water. 
The  whole  liquid  is  now  evaporated  on  the  water  bath  to  the  bulk 
of  about  one  pound,  and  the  acid  residue,  which  ia  generally  now 
brownish  in  color,  mixed  with  as  much  of  a  saturated  solution  of 
sulphurous  acid  as  gives  a  permanent  smell  of  that  acid.  It  is 
then  heated  until  Ibe  czcess  of  sulphurous  add  is  entirely 
expelled. 

In  this  first  stage  of  the  process  the  araenious  acid  is  dusolved, 
the  organic  matter  destroyed  in  a  great  measure  by  the  chlorate 
of  potash  and  hydrochloric  acid,  and  the  arsenic,  which  had 
thereby  been  converted  into  arainie  acid,  reduced  by  the  sulphur- 
out  acid  to  the  state  of  arsenious  atud.  The  destruction  of  the 
organic  matter  rcndera  the  filtration  rapid  and  easy. 

b.  The  acid  liquid  is  now  exposed  for  twelve  hours  to  a  current 
of  sulphuretted  hydrogen  gas,  the  gas  tube  is  washed  with  a  little 
ammonia,  which  is  added  to  the  mass  of  liquid,  and  the  whole 
allowed  to  stand,  covered  with  paper,  in  a  warm  place,  until  the 
smell  of  sulphuretted  hydrogen  disappears.  The  precipitate 
which  has  formed,  and  which  contains  sulphide  of  arsenic  along 
with  some  organic  matter,  end  possibly  other  metallic  sulphides, 
is  collected  on  a  small  filter  and  well  washed. 

Here  the  arsenious  acid  is  converted  into  tersulpbide  of  arsenic, 
by  the  sulphuretted  hydrogen  :  As  0  j  +  3  H  S  =  As  Sj  +  3  H  0. 

c.  The  filter  with  the  precipitate  is  diied  in  the  vapor  bath, 
moistened  with  fuming  nitric  acid,  and  the  mass  dried  up  in  the 
water  bath.  Pure  oil  of  vitriol  is  now  added,  so  as  to  moisten 
the  dry  mass  uniformly,  the  mixture  is  heated  for  two  or  three 
hours  in  the  vapor  badi,  and,  finally,  dried  on  the  sand  bath  at 
a  heat  not  exceeding  S90°,  till  the  charred  mass  assumes  a  brittle 
consistence.  It  is  toen  heated  in  the  ^por  bath  with  from  ten  to 
twenty  parts  of  distilled  water,  filtered,  and  tbe  charcoal  perfectly 
washed  with  hot  distilled  water.  The  whole  filtered  liquid  is  now 
mixed  witl)  hydrohhloric  acid  and  i^sui  precipitated  by  sulphur- 
etted hydrogen,  exactly  as  before.  The  precipitate  is  collected  on 
a  very  small  filler,  well  washed,  and  dissolved  <hi  the  filter  by 
ammonia,  with  which  the  filter  is  well  washed.  The  ammtwiacal 
solution  of  sulphide  of  arsenic  is  evaporated  to  dryness  in  a  small 
porcelain  vessel,  and  the  residue  may  be  weighed  if  required. 

In  this  stage  the  remaining  organic  matter  ia  entirely  destroyed, 
and  the  arsenic  obtained  in  the  form  of  pure  tersulpbide. 

d.  For  obtaining  the  metallic  arsenic  from  this  sulphide,  or 
reducing  the  sulphide,  which  is  the  decisive  proof,  the  fn<ln«^'"- 
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appantas  is  enipli^ed  (lee  cut,  fig.  I).    A  i>  a  well-sued  flask, 
for  geaentmg  carbonic  acid  gas,  half  61Ied  with  water  and  frag- 


ments of  marble.  Throngh  one  aperture  in  the  cork  passes  (he 
funnel  tube  a,  reaching  nearly  to  the  bottom ;  through  the  other 
passes  a  tube  b,  which  conducts  the  gas  into  the  smaller  flask  B, 
m  which  it  is  washed  and  dried  by  passing  through  oil  of  vitriol 
The  tube  e  carries  the  gas  into  the  reduc^on  tube  C,  which  is 
represented  in  £g  U,  a  litde  less  than  half  the  real  size. 

When  the  whole  is  fitted  and  arranged,  a  portion  of  the  dried 
enlphide  (reserving  part  for  other  experiments,  or  in  ease  of  acci- 
dent), is  miied  in  a  warm  agate  mortar  with  abont  twelve  parts 
of  a  mixture  of  three  parts  of  dried  carbonate  of  soda,  and  one 
part  of  cyanide  of  potassium.  The  mixed  powder  is  carefully 
mtroduced,  by  means  of  a  half  cylinder  of  card,  into  the  reduc- 
tion tube,  which  is  then  turned  on  its  axis,  so  as  to  allow  the 
powder  to  lie  on  the  part  a  /,  fig.  II,  of  the  reduction  tube.  The 
card  is  then  removed.  The  reduction  tube  is  now  attached  to  the 
gas  apparatus,  and  hydrochloric  acid  poured  into  the  flask  A, 
through  the  funnel,  so  as  to  cause  a  disengagement  of  car^nio 
acid  gas,  which  fills  the  whole  apparatus.  The  tube  is  then 
gently  warmed  through  its  whole  length  until  all  traces  of  moist- 
ure have  disappeared,  and  when  the  current  of  gas  has  become 
80  slow  that  the  bubbles  follow  each  other  at  an  interval  of  about 
a  second,  the  part  b  of  the  reduction  tube  (fig.  II),  is  heated  to 


T^ 


redness  by  a  spirit  lamp.     This  being  done,  the  powder  is  now 
heal«d  by  anotaer  spirit  lamp,  fttxai  a  toward  /,  gradually,  till  all 
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The  reduced  arsenic  is  deposited  as  &  bright  metallic  rin^  at  e, 
fig.  II,  a.  mere  trace  ooly  escaping  &t  d.  The  seeood  lamp  is  then 
brought  toward  b,  in  onler  to  collect  any  trace  of  arBenic  in  the 
wide  part  of  the  tube,  and  the  point  d  being  closed  foy  melting  it, 
and  the  tube  detached,  the  arsenic  it  driven  into  as  small  a  space 
as  posaible,  by  heating  from  d  towards  e.  The  tube  is  now  cut 
across  at/,  corked,  scaled,  end  preserved  as  eTidence.  If  the 
above  process  be  followed  exactly,  the  result  is  a  ring  of  aston- 
ishing purity  and  brilliancy.  The  use  of  the  carbonic  acid  is  to 
prevent  oxidation  bj  the  air,  which  as  well  as  moisture,  if 
admitted,  would  very  much  interfere  with  the  resulL 

This  is  not  the  place  to  notice  the  very  numerous  methods 
which  have  been  proposed  for  the  detection  of  arsenic  in  mixed 
fluids.  It  is  enou(;n  to  say  that  none  of  them  is  preferable  to  the 
above,  if  indeed  any  are  equal  to  it,  ia  point  of  facilit}',  delicacy, 
and  security.  The  process  of  Marsh,  by  hydrogen  gas,  as  above 
described,  is  indeed  very  delicate,  but  it  is  rendered  less  secure 
by  the  fact,  that  antimony,  if  present,  gifes  somewhat  similar 
appearances.  In  the  method  of  Fresenius  and  Von  Babo,  anti- 
mony, if  present,  remains  in  the  residue  of  the  powder  heated  in 
the  reduction  tube,  where  it  may  be  found,  chiefly  in  the  metallic 
state,  and  partly  in  a  soluble  combination. 

The  only  known  antidote  to  nrsenious  acid  is  the  hydrated  per- 
oxide of  iron,  the  ferrugo  of  the  Edin.  Pharmncop(Ba,  which 
should  be  given  in  the  moist  slate  mixed  with  water.  When 
made  for  this  purpose,  the  precipitated  oxide  should  never  be 
dried,  but  kept  under  waler ;  as  when  once  dried,  it  is  far  less 
eSScacious.  It  acts  by  combining  with  the  arscnioua  acid,  forming 
s  compound  which  is  quite  insoluble  and  inert,  and  is  a  basic 
KTsenite  of  scsquioxide  of  iron,  Fes  Os,  AsOi. 

b.  Arsenic  Acid.  AsOfs  115-465 
This  acid  is  found  in  nature  combined  with  oxides  of  calcium, 
lead,  copper,  iron,  cobalt,  and  nickel.  It  is  easily  prepared  by 
dissolvine  arseuious  acid  in  nitric  acid,  with  a  liltle  hydrochloric 
acid,  ana  evaporating  to  a  syrup,  which  is  heated  gently  till  all 
nitric  acid  is  expelled.  The  residue  is  hydrated  ars6nic  acid, 
AsOi,  311 0,  or  AsOt,  Ui.  It  is  a  very  acid,  poisonous  sub- 
stance, remarkable  chiefly  for  its  analogy  with  common  or  tribasic 
phosphoric  acid.     This  analogy  ia  w  grea^  that  for  every  tribasic 

iihoephatc,  there  is  a  corresponding  arseniale  :  and  this  is  not  all, 
or  tbe  external  properties  of  these  salts  are  so  exactly  umilar, 
that,  except  b^  analysis  or  characteristic  tests,  we  cannot  tell 
whether  arsenic,  or  phosphoric  acid,  be  present.  Not  only  are 
tha  native  phosphates  of  copper,  lead  and  iron,  exactly  like  the 
us«iuatea  is  oolor,  t^ystaUiiie  ibrm,  and  constitution,  but  the  fboa- 
pbates  are  seldom  found  unmixed  with  arseniates. 
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The  CMuplete  iaomorphism  of  arsenic  and  tribaalc  phosphoric 
acids  ID  their  salta,  is  one  of  the  finest  examples  of  isomorphism 
depending  on  similarity  of  constjtulion.  Like  the  tribasic  phos- 
phates, the  arscniates  occur  in  3  forma, 

IBI,  AsO.,3MO:  2nd,  As  O.   J  ^"qI  3rd,  AsOi   {  aHQ" 

and  the  crystalline  form  Id  all  yet  ezamined  is  the  same  as  that 
of  the  corresponding  phosphates.  Thus  the  arseniaU  of  soda, 
with  S  cqs.  soda,  and  1  eq.  water,  is  not  to  be  distioKuished,  in 
ezt«mal  aspects,  from  the  common  phosphate  of  soda.  The 
formulie  are: 


It  is  highly  probable  that  phosphorus  and  arsenic  are  them- 
selves entirely  isomorphous  as  elements ;  and  in  one  particular 
they  are  alike,  besides  the  analogy  of  their  compounds  ;  namely, 
the  alliaceous  odor  of  their  vapor. 

The  salts  of  anfoic  acid  give  with  nitrate  of  ^ver  a  brick-red 
precipitate  of  tribasic  arseniale  of  silver:  AsOi,3AgO:  and 
with  nydrochloric  acid  and  sulphuretted  hydrogen,  a  pale  yellow 
precipitate  of  persulphide  of  arwnic,  As  Si. 

So  modifications  of  arsenic  acid,  analogous  to  bibasic  and 
monobasic  phosphoric  acids,  are  yet  luunvn. 

ABSXBIC  AMD   CHLORINE. 

Terchloride  of  Arsenic,  AsCIs=]8-166. 
Prepared  by  distilling  6  parts  of  bichloride  of  mercury  with  1 
part  of  metallic  arsenic:  SH^CJa  +  As  =  3  HgCl -f  As  Cli.  It 
IB  a  colorless,  votalile,  fummg  liquid,  which  is  resolved,  by  the 
action  of  water,  into  hydrochloric  and  afsenious  acids'.  AsCli  4* 
8HO  =  AsOi-f  3HC1. 

ABSKHIC    ASD   IODINE. 

Periodide  of  Arsenic.    Aali  =706'9. 
When  arsenic  and  iodine  are  gently  heated  together,  fliey  com- 
bine, and  form  a  red  solid  compound,  which  by  the  action  of 
water    yields  arsenic  and   hydriodie   acids:    A8jIi+6HO  = 
Ait  0,+ BUI. 

ABBEHIO  AMD  BROMINE. 

Terbromide  of  Arsenic.    AsBrt  =  3I3-tt. 

Arsenic  and  bromine  when  brought  in  contact,  instantly  com- 

bine,  with  vivid  combustion.     The  compound  is  ■  solid,  melimg 

at  about  70°,  and  boiling  at  430°     It  is  Uansparcnt,  and  slightly 
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yellow,   and  occaiuonally  forms  long  prismatic  ciyaUla.      With 
witter  it  yields  arsenioui  and  bydrobromic  acids. 

ARSBHIC  AND  UTDRiraK.N. 

When  an  alloy  of  arsenic  and  potassium  is  madtt  to  act  on 
water,  there  is  formed  a  brawn  solid  body,  wbicli  is  said  to  be  a 
protohyduret  of  arsenic  :  As  H  =  387, 

When  arsenic  is  melted  with  an  equal  weight  of  sine,  an  alloy 
b  formed,  which,  when  acted  on  by  strong  hydrochloric  acid, 
yields  »  gas  which  is  colorless,  has  a  strong  garhc  odor,  hums 
with  a  blue  flame,  and  is  distinguished  from  all  other  gases  by 
being  totally  absorbed,  when  pure,  by  a  saturated  solution  of 
■Blpbate  of  copper.  It  is  fiigntfully  poisonous  when  respired, 
even  in  very  small  proportion,  along  with  common  air ;  and  the 
incautious  experimenting  with  it  has  proved  fatal  to  more  than 
one  chemist.  It  acta  on  many  metallic  soIuUons,  forming  insolu- 
ble tirvenides.  When  heated  to  redness  it  is  decomposed,  araenio 
b^ng  deposited,  and  hydrogen,  equal  to  one  and  a  half  times  the 
bulk  of  tlie  gas,  being  separated.  This  gas  is  formed  when  hy- 
drogen is  generated  in  ft  liquid  containing  arsenious  acid  dissolved, 
and  mixes  with  the  hydrogen ;  and  when  the  miitnre«s  heated 
red-hot  in  passing  through  a  tube,  or  burned,  a  cold  plate  being 
held  in  the  flame,  arsenic  is  deposited.  This  is  the  principle  on 
which  Marsh's  process  for  detecting  arsenious  acid  is  founded. 

AReEHIC    AKD    BULPHCR. 

a.  Protosulphide  of  Arsenic.    AsS=63-8. 

Formed  by  melting  arsenious  acid  with  half  its  wdghl  of  sul- 
phur. It  is  a  red  translucent  solid,  which  may  be  sublimed  in 
eloae  vessels.     It  occurs  In  the  mineral  bmgdom  as  realgar. 

b.  Tersulphids  of  Araenic.    As  S*  =133-7. 


Prepared  by  melting  together  equal  weights  of  arsenious  add 
and  sulphur,  or  by  passing  a  current  of  sulphuretted  hydrogen 
through  ft  loluUon  of  arsenious  acid.  It  has  an  orange-yellow 
color,  is  fofiible,  and  may  be  sublimed  in  close  vessels.  It  is  very 
•oluble  in  caustic  alcaliea,  yielding  colorless  solutions.  It  occurs 
in  the  mineral  kingdom  as  anripigmentum,  or  oniiment,  and  is 
an  ingredient  in  king's -yellow.  It  may  be  used  for  dyeing  silk, 
woolens,  or  cottons  yellow,  by  soaking  them  in  a  solution  of  orpi- 
ment  in  ammonia,  and  then  suspending  them  in  a  warm  cham- 
ber. The  ammonia  evaporates,  and  the  orpiment  remains  firmly 
fixed  in  the  cloth.  This  sulphide  is  the  form  in  which  araenio 
b  best  separated  from  mixed  liquid*  in  medieo-legol  investi- 
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e.  Parsulpbide  of  Arsenic.    Ab8i  =  1&6. 

Formed  bj  the  nction  of  sulphuretted  hydrogen  on  an^nic 
ftcid.  or  OD  arseniates  acidulated  by  acetic  acid.  It  is  of  a  paler 
yellow  tban  orpiment,  is  eoluble  in  alcsliea,  fusible,  and  in  close 
vessels  volatile  without  change. 

34.  Cbbomiuh.     Cr  =  38. 

Occurs  in  nature;  in  nnion  with  oxygen,  as  chromic  acid  in 
cbromate  of  lead,  and  as  oxide  of  chromium  in  chrome  iron  ore, 
from  which  latter  all  the  compounds  of  chromium  are  obtained. 
The  metal  is  very  inliisible,  and  has  probably  never  been  com- 
pletely melted.  It  is  obtained  with  difficulty  in  hard  coherent 
masses  of  an  iron-gray  color,  by  heating  the  oiide  to  the  highest 
temperature  of  a  wincf  famace  for  some  hours,  in  a  crucible  lined 
with  charoqal.  In  this  state  it  is  hardly  at  all  acted  on  by  the 
strongest  acids,  but  b  oxidized  by  fiisioD  with  nitre,  yielding 
chromic  acid. 


a.  Sesquioxide  of  Chromium.  Cn  Oi  =80039. 
This  oiide  may  be  obtained  by  heating  to  redness  the  bichro- 
mate of  potash,  KO,  SCrOa;  when  neutral  chromale,  KO, 
CrOi,  is  formed,  sesquioxide  is  produced,  Cra  Oa,  and  oxygen  Is 
disengaged,  2  (KO,  2  Cr  0.)  =  2  (KO,  Cr  Os)  +  Cra  0) -f- O,. 
The  neutraJ  chromate  is  dissolved  out  by  water  and  the  oxide  is 
obtained  as  a  crystalline  green  powder  ;  or  it  may  be  prepared  by 
heating  a  mixture  of  bichromate  with  carbonate  of  soda  and  sal 
ammoniac  to  redness.  The  hydrate  is  obtained  by  healing  solu- 
tion of  bichromate  with  hydrochloric  acid  and  alcohol  or  sugar, 
till  the  liquid  becomes  of  a  pure  green,  and  adding  ammonia, 
which   precipitates  the   hydrate,  as  a  pale  bluish-green   bulky 

Sesquioxide  of  chromium  is  isomorphous  with  sesquioxide  of 
iron  and  alumina,  and  has  been  obtained  in  crystals  exactly 
resembling  specular  iron  ore.  It  is  a  weak  base,  and  may  be 
mbstitntea  for  alumina  or  peroxide  of  iron  in  their  salts,  without 
altering  the  form.  All  its  salts  are  ^en  or  bine,  iftd  most  of 
them  are  red  b^  transmitted  candle-light.  Oxide  of  chromium 
Appears  to  exist  in  its  salts  in  two  modilicatioiis,  in  one  of  which 
the  solutions  are  pure  green,  in  the  other  of  a  mixed  tint  of  red 
and  green.  The  oxide  may  be  used  for  punting  a  beautiful  green 
on  china,  and  for  giving  glass  a  green  color,  or  as  a  jmint,  nein^ 
very  permanent. 

b.  Chromic  Acid.    CrOs  =£3-039. 

Prepared  by  adding  1  yol.  of  a  cold  saturated  solution  of 
bichromate  of  potuh  to  1^  vol.  of  pure  oil  of  vitriol,  and  allowing 
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»  ohromie  acid,  in  vhich  1  eq.  of  ozyeen  is  r«p1aeed  hj  cUorioe, 
or  u  n  compound  of  1  eq.  terclilorid  of  chromium,  and  S  eqs. 
chrcmic  acid. 

c.  Perflooride  of  Chromium. 
When  a  mixture  of  chromate  of  lead,  fluoride  of  calcium,  and 
oil'  of  vitriol,  or,  better,  fuming  sulphuric  acid,  is  distilled  in  a 
silver  retort,  there  is  disengaged  a  red  gas,  which,  in  contact  with 
the  moisture  of  the  air,  produces  hydroSuoric  and  chromic  acids. 
Its  precise  composition  is  unknown.  It  was  formerly  considered  a 
ternuoride  ;  but  it  appears  that  this  is  not  the  ca«e,  and  that  it  it 
more  probably  a  quintofluoride,  Cr  Fi.  Posublf  it  maj  be,  like 
the  preceding  compound,  an  oxyflnoride. 

36.  VAHADirii.  V=68-S. 
This  very  rare  metal  n  fband  in  small  quantity  in  the  slag  of  lie 
iron  furnaces  where  the  ircm  ore  of  Taberg,  in  Sweden,  is  smelted, 
also  in  the  lead  mines  of  Scotland,  as  vanadiate  of  lead,  a  mineral 
which  likewise  occurs  in  Mexico.  The  metal  is  brittle,  very  infusi- 
ble, and  nearly  silver  white.  In  its  chemical  relations  it  ia 
somewhat  aaalogoua  to  chromium  ;  and,  like  it,  forms  colored 
compounds.  It  le  not  oxidised  either  by  air  or  water,  and  the  only 
acid  that  dissolves  it  is  aqua  regia. 

a.  Protoxide  of  Vanadium.    VOsiesiS. 

A  block  powder,  which  being  heat«d  bums  into  dentozide. 

b.  Deutoxide  of  Vanadium.    VO  =  84-696. 

This  oxide,  when  anhydrous,  is  black,  but  forms  blue  salts ; 
these  are  apt  to  become  first  green  and  then  red,  fi:om  the  forma- 
tion of  vanadic  add. 

c.  Vanadic  Acid.     T  Oi = 93-539. 

Is  obtmned  from  vanadiate  of  lead  by  diss(dring  it  in  mtric  acid, 
and  precipitating  lead  and  arsenic  bj  snlphuretted  hydrogen,  which 
reduces  the  acid  to  deuloxide.  The  blue  solution  is  evaporated, 
during  which  vanadic  add  is  reproduced,  and  the  dry  mass  is 
digested  in  ammonia,  which  dissolves  the  acid.  Into  this  solution 
aTiunp  of  sal  ammoniac  is  introduced,  and,  as  this  dissolves,  the 
vanadiate  of  ammonia  separates,  being  insoluble  in  a  saturated 
solution  of  sal  ammoniac.  When  this  salt  is  healed  to  a  point 
below  red-heat  in  an  open  vessel,  the  ammoma  is  expelled,  and 
vanadic  acid  left,  which  melts  below  a  red-faeat,  and  on  cooling 
forms  beautiful  red  crystals.  With  bases  it  forms  salts  which  are 
dther  red  or  yellow,  according  as  they  are  acid  or  neutral  salts. 
It  is  singular  that  the  nentral  vanadiates  of  the  alcalies  may  occur 
both  yeUow  and  colorless  without  any  known  difference  in  compo- 
18 
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ntion.  Vftnadie  acid  unitei  with  deutozide  of  Vfmadium,  forming 
compounda  which  are  purple,  green,  yellow,  or  orange,  according 
aa  the  ncid  or  oxide  predominates.  Vanadic  acid  ia  diitingntsbed 
from  chromic  acid  by  yielding  a  blue  solution,  when  deoxidiied, 
instead  of  a  ffrcen  one. 

With  chlorine,  vanadium  forms  a  bichloride,  T  Cli,  and  a  ter- 
chloride,  V  Cla.  The  latter  is  formed  by  passing-  chlorine  over 
a  mixture  of  protoxide  of  vauadium  and  charcoal,  heated  to  low 
redness,  when  the  terchloride  dbtiU  over  as  a  yellow  fuming 
liquid,  which  decomposes  water,  producing  hydrochloric  and 
vanadic  acids.  When  this  chloride  is  ezpos^  to  a  current  of  am- 
monia, a  white  compound  is  formed,  and  if  this  be  heated  in  a 
continued  current  of  ammonia,  metallic  vanadium  is  formed,  and 
adheres  to  the  lube. 

36.    MOLTBDEHUK.      Uo^47'?. 

This  metal  occurs  in  nature,  combmed  with  sulphur,  forming  a 
lead-colored  metallic  mineral  in  broad  plates  or  leaves,  called 
molybdena,  or  sulphide  of  molybdenum.  It  is  found  more  spar- 
ingly as  molybdic  acid  combined  with  lead.  The  metal  may  be 
obbuned  by  passing  hydrogen  gas  over  molybdic  acid,  heated  to 
whiteness  m  a  porcelain  tube.  It  is  a  brittle  white  metal,  almost 
quite  infusible.     It  forms  three  oxides. 

MOLTBDEKOM  ABD  oxroKN. 

a.  Protoxide  of  Molybdenum.    Ho  0  =  66-713. 

X  black  powder,  which,  when  heated  in  the  air,  takes  Sre  and 
fimns  deutozide.     Its  hydrate  dissolves  in  acids. 

b.  Deutozide  of  Molybdenum.    Mo  Oi  =  63-726. 

A  dark  brown  powder,  forming  a  rust-colored  hydrate,  which 
dissolves  in  acids,  forming  red  salts.     When  exposed  to  air,  it 
absorbs  oxygen  and  becomes  blue  on  the  surfoce.    The  blue  com- 
pound is  a  bimolybdate  of  the  deutoxide :  Mo  0>,  S  Mo  Oi. 
c.  Molybdic  Acid.    MoOs,  =  71-739. 

Obtained  by  roasting  the  sulphide  at  a  low  red-beat,  as  long  as 
sulphurous  acid  escapes,  and  acting  on  the  residue  with  ammonia, 
which  dissolves  molybdic  acid  The  molybdate  of  ammonia  is 
then  purified  by  cry  stall  Izadon ;  and  on  heating  it  gently  in  an 
open  platinum  crucible,  ammonia  is  expelled,  and  molybdto  acid 
lefL  It  is  a  white  powder,  fusible  at  a  red-heat,  which  sublimes  in 
a  current  of  air.  It  is  sparingly  soluble  in  water.  It  forms  salts 
with  bases,  which  are  colorless. 

HOLTBDUrUH    Ann    CHUtBDIK. 

The  protochloride.  Mo  CI,  is  a  nearly  black  soluble  compound. 
When  chlorine  gu  is  passed  overnetallic  molybdenum  gently 
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heat«d,  bichloride  of  molybdenum,  Mo  Cl>,  is  formed  as  a  deep 
red  yapor,  which  condenses  in  black  cryatals,  like  iodine.  When 
the  deutoiide  is  hented  in  dry  chlorine,  there  is  formed  a  yellowish- 
vhite  crystalline  sublimate,  which  is  an  oxycbloridc,  analogous  to 
that  of  chrc    '  '  " 


Mo  i^f;  orMoCI. +2MoOj. 


There  are  3  sulphides  of  this  metal.  I.  The  bisnipblde,  Mo 
81,  which  is  the  uEunl  ore  of  molybdenum  already  described; 

2.  The   tersulphidc,  a   dark   bronn  or   black   powder.  Mo  Sa  ; 

3.  The  persnlphide,  also  a  dark  powder.  Mo  8<.  Both  the  last  are 
sulphur  acids,  combining  with  sulphur  bases,  such  as  sulphide  of 
potassium. 

37.  TcBssTEs.    W  =  891. 

Stn.  Wbifram  —  Occurs  in  nature,  chiefly  in  the  mineral  wolf- 
ram, oxidized  along  with  oxides  of  iron  and* manganese,  and  more 
sparingly  in  the  mineral  tungsten,  a  compound  of  tungstic  acid 
with  lime.  The  metal  may  he  obtained  as  the  preceding,  but  is 
little  known.  It  is  very  infuuble,  and  has  the  Sp.  0. 17-4.  When 
heated  in  air,  it-  hums  and  forms  tungstic  acid. 

TUBOBTKN   AKD  OZTQIH. 
a.  Deutoxide  of  Tungsten.     W  Oa  =  llS'728. 

To  obtain  it,  1  part  of  finely-powdered  wolfiram  is  fused  in  r 
platinum  crucible,  with  S  parts  of  carbonate  of  potash.  Tungstate 
of  potash  is  formed,  which  is  dissolved,  filtered  to  separate  the 
oxides  of  iron  and  manganese,  and  evaporated  to  dryness.  The 
salt  is  mixed,  in  solution,  with  half  its  weight  of  sal  ammoniac, 
and  the  mixture  dried  np  and  ignited.  The  tuncstic  acid  is  reduced 
to  the  state  of  oiide  by  the  ammonia,  and  chloride  of  potassium 
is  formed ;  the  latter  ia  dissolved  out  by  water,  and  the  former, 
being  first  boiled  with  potash  to  remove  any  tungstic  acid,  and 
then  washed  and  dried,  is  pure  oxide  of  tungsten.  It  is  a  very 
heavy  black  powder,  which,  when  heated  in  the  air,  bams  like 
tinder,  forming  tungstic  acid. 

b.  Tungstic  Acid.    W  Oj  =  133-739. 

It  is  formed,  as  above,  by  heating  the  oxide  in  the  air.     It  is  a 

GIlow  powder,  insolnblo  in  water.  With  bnses  it  forms  crystal- 
able  salts.  When  heated  to  600°  or  600°  in  a  current  of  hydro- 
gen, it  becomes  of  a  fine  deep  blue,  losing  so  much  oxygen  that 
it  leaves  an  oxide,  the  blue  oxide  of  tungsten,  the  formula  of  which 
is  Wi  0(  =WOi+WO);  so  that  it  may  be  viewed  aa  a 
tangatato  of  tungsten. 
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TUNQ6TXK   AND   CHLORINE. 

When  heated  in  chlorine  gas,  tunfi;sten  forms  two  chlorides,  a 
bichloride,  WCls,  and  a  terchloride,  W  Cls.  Both  are  red, 
volatile,  and  crystallizable  compounds,  sublimino;  in  beantifiil 
crystals.  The  former,  with  water,  produces  hydrochloric  acid 
and  binoxide  of  tungsten ;  the  latter  yields  hydrochloric  acid  and 
tun^tic  acid. 

When  the  binoxide  is  heated  in  chlorine  gas,  there  is  formed  an 
oxychloride  in  the  shape  of  white  volatile  scales,  like  boracic  acid. 

ItisWCl3  +  2W03;  orW  |  ^*- 

The  sulphides  of  tungsten  have  no  peculiar  interest 

38.  CoLUMBiUM.     Ta=185. 

Syn.  Tantalum.  —  It  occurs  very  sparingly,  in  the  minerals 
tantalite  and  yttro-tantalite,  as  columbic  acid.  The  metal  is 
obtained  by  the  action  of  potassium  on  the  double  fluoride  of 
oolumbium  and  potassium,  as  a  black  powder,  which,  when  com- 
pressed, exhibits  metallic  lustre ;  and  when  heated  bums  in  air, 
yielding  columbic  acid. 

With  oxygen  it  appears  to  form  two  compounds ;  a  binoxide, 
Ta  Of,  and  columbic  acid,  Ta  Os.  The  latter  is  a  white  insoluble 
powder,  which  forms  salts  with  bases. 

With  chlorine  it  forms  a  volatile  terchloride,  TaCh;  and  with 
fluorine,  a  white  soluble  terfluoride,  TaFs. 

Rose  is  at  present  occupied  with  the  study  of  two  new  metals 
Ibund  in  the  ores  of  columbium  or  tantalum,  to  which  he  has 
given  the  names  of  Pelopium  and  Niobium. 

89.  AvTiMONT.    Sb  =  129*2. 

This  valuable  metal  is  chiefly  found  in  the  mineral  called  anti- 
mony, which  is  a  tersulphide,  SbSs,  and  which  occurs  both 
pure  and  combined  with  other  sulphides.  From  the  sulphide  the 
metal  is  easily  obtained  by  heating  it  with  iron  filings,  when  the 
sulphur  combines  with  the  iron,  and  the  melted  antimony  collects 
at  the  bottom  of  the  crucible. 

It  is  a  brittle  metal,  of  Sp.  G.  6*7,  having  a  bluish  or  grayish- 
white  color  when  pure.  It  melts  at  810°,  and  in  a  very  intense 
heat  it  is  volatilized.  When  heated  strongly  in  open  vessels,  it 
takes  fire,  burning  with  a  white  light,  and  producing  white  vapors, 
which  often  condense  in  crystals,  and  are  sesquioxiae  of  antimony, 
SbOa.     Antimony  is  the  chief  ingredient  in  type  metal. 

ANTIMONY   AND   OZYGSN. 

a.  Teroxide  of  Antimony.    Sb  Os  =  163*239. 

To  prepare  it,  tersulphide  of  antimony  is  boiled  with  about 
5  parts  of  strong  hydrochloric  acid,  when  sulphuretted  hydrogen 
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is  given  off,  and  terchloride  of  antimony  is  dissolved  :  Sb  S3-f- 
3I^Cl=  Sb  Cls +3  HS.  The  solution  is  now  Ihrown  into  a 
lar^  quantity  of  water,  wlien  a  curdy  precipitate  scprtrales,  which 
is  teroxide  of  antimony,  combiaed  with  some  andKcompoBed 
cMoride.  9  S)  O.  +  2  Sb  Cb,  the  oiide  having  been  formed  by 
the  action  of  water  on  the  chloride:  Sb  Cli  +  3  H  0  ^  SbOi  -f 
S  H  CI,  The  precipitate  of  oxychloride,  which  soon  changes  into 
cijstaU,  if  left  in  the  liquid,  is  now  to  be  washed  and  digested 
with  an  excess  of  carbonate  of  soda,  by  which  the  remaining  chlo- 
ride is  converled  into  oxide;  Sb  01)+ 3  NaO  =  ab  03+ 3  HaCl. 
The  teroxide  is  now  pure,  and  is  to  be  washed  and  dried. 

It  is  a  grayish-white  heavy  powder,  Tusible  at  a  dull  red-beat 
in  close  vessels,  and  Tolatile  at  a  higher  temperature.  If  heated 
ia  ibe  open  air,  it  absorbs  oxygen,  forming  antimonious  acid.  It 
is  a  base,  and  forms  salts  with  acids,  the  most  important  of  which 
ia  tartar  emetic.  Most  of  its  soluble  salts  are  decomposed  by  the 
contact  of  water. 

Teroxide  of  antimony  in  solution  is  very  easily  recognized  by 
the  pectiliar  brownish- orange  precipitate  caused  by  sulphuretted 
nydrogen. 

b.  AiitimoniouB  Acid.     Sb  O*  =  161'3Ga. 

When  oxide  of  antimony  ia  heated,  it  absorbs  oxygen,  and  when 
antimonic  acid  is  heated,  it  loses  oxygen  ;  the  product  in  both  cases 
being  the  permanent  ontimonious  acid.  It  is  a  white  insoluble 
powder,  very  infusible  and  fixed  in  the  fire.  It  forms  salts,  called 
antimoniles,  with  bases. 

c.  Antimonic  Acid.     Sb  Ot  =  169-366. 

It  is  formed  by  acting  on  the  metal  with  strong  nitric  acid  till  it 
is  converted  into  a  while  powder,  which  is  hydrated  anlimoniD 
add.  It  ia  decomposed  by  a  red-heat,  yielding  water,  oxygen, 
■nd  antimonious  acid.  It  foms  salts,  called  antimoniates,  with 
bases. 

All  the  oxides  of  antimony  are  used  in  medicine  ;  but  the  ees- 
qnioxide  is  the  moat  important,  as  the  basis  of  tartar  emetic,  which 
is  a  double  tartrate  of  potash  and  Besqnioxide  of  antimony. 

AHTDIONt    AMD    CHLOBUK. 

a.  Terchloride  of  Antimony.  8b  Cli  =  335-46. 
Is  readily  obtained  by  dissolving  1  part  of  sulphide  of  antimony 
in  6  parts  of  hydrochloric  acid  (see  above),  and  distilling  the  solu- 
tion, until  the  volatile  part  becomes  semi-soIld  on  cooling ;  the 
receiver  is  then  changed,  and  what  passes  over  afterword  ts  pure 
anhydrous  chloride  <^  antimony.  It  u  a  soft  deliquescent  solid, 
formerly  called  batter  of  antimony.  When  mixed  wjth  wat«r,  it 
is  decomposed  u  mentioned  above. 
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b.  Perchloride  of  AntJmoDf.  SbCli  ^3S06-3. 
Obtained  by  ftcUng  on  metftllic  satimony,  or  on  the  sesquichlo- 
ride,  with  an  excess  of  chlorine.  I(  'a  also  formed  when  powdered 
antimony  U  introduced  into  chlorine  gas,  when  it  burns  with  a 
vivid  light.  It  is  R  colorless,  volatile  fuming  liquid,  which  is 
decomposed  by  water,  yielding  hydrochloric  and  antimonic  acids. 

c.  Oxycbloride  of  ADttmony.    9  Sb  Oi  -f-  3  Sb  Cli. 

This  is  the  white  powder  formed  when  terchloride  of  antimony 
is  thrown  into  water,  as  above  described,  under  the  head  of 
teroxide.  It  soon  changes  into  crystals,  and  is  a  definite  com- 
pound of  oitde  and  chloride.  It  is  entirely  converted  into  oxide 
by  alcalies.     It  was  formerly  called  powder  of  Algaroth. 

Bromine  and  aolimoDy  combine  readily,  and  form  a  volatile 
CTjatallinc  solid. 

AMTWOHT  AND  SULPHCR. 

a.  Tergolphide  of  Antimony.    Sb  8)  ^  1TT*S. 

This  is  the  common  ore  of  antimony,  and  is  genernlly  a  dark- 

ry  radiated  fusible  crystalline  mass,  Sp.  0.  4-62.     When  formed 
the  action  of  sulphuretted  hydrogen  on  salta  of  antimony,  it  is 
|veeipitated  u  a  hydrate,  of  a  brownish  orange  color. 

b.  Pemilphide  of  Antimony.     Sb  Si  =  309-7. 

When  sesquisulphide  and  sulphur  are  boiled  in  solution  of  pot- 
ash, and  tax  acid  added  to  the  filtered  liquid,  a  golden-yellow 
precipitate  is  formed,  often  called  the  golden  sulphide  of  antimony, 
which  is  the  persulphide,  SbSi. 

c.  Oxysulphide  of  Antimony.    3  Sb  8i  4-SbOi  =808-2. 

This  compound  is  found  in  nature  as  red  antimony  ;  and  when 
•wqulsulphide  of  antimony  is  boiled  with  potash,  and  an  acid 
added  to  the  filtered  liquid,  a  reddish -orange  precipitate  is  formed, 
which  is  often  oxysulphide ;  although  it  may  be  obtained  nearly 
free  from  oxide,  and  is  then  hj^draCed  sesquisulphide.  This  is  the 
substance  so  long  known  as  mineral  kermes ;  and  it  is  the  form  in 
which  sulphide  of  antimony  is  chiefly  used  in  medicine  on  the 
Continent.     In  this  country  we  use  the  precipitated  sesquisulphide. 

40.  UaABtDM.  U=3n. 
This  metal  oeenra  in  the  fonn  of  protoxide,  alon^  vrith  other 
oxides  in  the  mineral  pitchblende;  and  in  ^at  ofpertixide  in 
mranite  and  uran-mica.  When  an  excess  of  pitchblende  is  digested 
with  diluted  nitric  acid,  uranium  dissolves,  to  the  exclnsion  of  iron, 
and  after  lead,  copper,  bismuth,  or  anenie,  have  been  removed  by 
antphnrctted  bydn^n,  the  solulicni  may  be  conridered  pure.  Car- 
bonate of  ammonia  precipitates  the  peroxide  of  uranium,  bat  an 
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excess  redissoWes  it;  and  this  solution,  if  boiled,  depouls  pure 

Eeroude  of  uranium,  of  a  very  fine  yellow  color.  The  metal  is 
ttle  known;  and  from  recent  researches  it  would  appear  that 
wbAt  was  supposed  to  be  tbe  metal  is  an  oxidized  body,  acting, 
according  to  Pelogot,  tbe  part  of  a  metal ;  while,  accordiog  lo 
other*,  it  is  the  protoxide  of  tbe  true  metal.  la  the  present  Mate 
of  our  knowledge,  it  is  not  easy  to  decide  :  and  as  the  metal  b  not 
one  of  great  importance,  I  shall  not  enter  into  details  here  ;  merely 
stating,  that  the  oxide  formerly  called  protoxide,  is  used  for  giving 
a  fine  black  in  painting  on  porcelain  ;  and  that  tbe  peroxide  and 
all  its  compounds  have  rich  and  permanent  yellow  colors.  Ita 
solutions  are  yellow,  and  ^ve  witti  ferrocyanide  of  potassium,  a 
rich  chestnut- brown  precipitate. 

41.  CxBinit.    42.  LAirTAaiuif. 

These  metals  are  in  a  state  of  still  greater  anoertainty.  They 
occur  invariably  associated  in  some  very  rare  minerals,  and  are 
not  yet  known  in  a  state  of  purity.  This  applies  to  the  oxides  like- 
wise. According  to  tbe  most  recent  researches  of  Mosander,  who 
discovered  lantanium,  these  two  metals  appear  to  be  always  asso- 
eisted  with  a  third,  didymium,  which  is  not  yet  fully  described.  It 
would  be  absurd  at  present  to  give  a  description  which  would 
infallibly  have  to  be  altered  in  a  very  short  time.  All  these  metals 
are  too  rare  to  become  of  any  practical  interest. 
43.  BisuuTE.     Bi=s71-07. 

Occurs  sometimes  ss  metal,  more  freijucntlj^  as  sulphide.  It  is 
a  highly  crystalline  metal,  of  a  reddish-wbite  color,  fusible  at 
476°,  and  even  volatile  in  close  vessels.  When  heated  in  the  air 
it  burns  with  a  bluish  flame,  forming  oxide  of  bismuth.  Bismuth 
is  an  ingredient  in  Newton's  fusible  metal,  and  in  various  fusible 
aXlaja. 

SIBUUTH   AND   OXYOEIT. 

a.  Protoxide  of  Bismuth.    Bi  0  =  79063. 

To  obtain  it,  bismuth  is  dissolved  in  nitric  acid,  and  the  eolntion 
tlirown  into  water,  when  a  copious  white  precipitate  of  suboilrate 
of  Insmnth  is  formed.  This  is  washed,  dried,  and  ignited,  and 
protoxide  of  bismuth  is  left.  It  is  a  yellow  powder,  fusible  at  a 
red-heat.  With  acids  it  forms  colorless  salts.  Uost  of  these  salts 
are  decomposed  when  thrown  into  water ;  and  this  character, 
coupled  with  the  black  caused  by  sulphuretted  hydrogen,  enables 
us  easilv  to  recognize  the  presence  of  bismuth,  and  to  separate  it 
from  other  metals. 

b.  Peroxide  of  Bismuth.     Bit  Os  =166-179. 

Formed  when  protoxide  of  bismuth  is  fused  with  hydrate  of  pot* 
ash,  or  when  it  is  digested  in  a  solution  of  chloride  (hypochlonte) 
of  aoda.     It  ia  a  heavy  brown  powder,  of  a  neutral  character. 
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Chloride  of  Bismuth.    Bi  CI  =  106*43. 

Powdered  bismuth  takes  fire  in  chlorine  gas,  and  forms  a  gray 
semi-solid  chloride,  not  Tolatile,  the  old  batter  of  bismuth. 

Bromide  of  bismuUi  resembles  iodine  in  appearance ;  it  is  fusi- 
ble and  volatile. 

The  sulphide  of  bismuth  found  in  nature  is  of  a  lead-gray 
color ;  that  formed  by  the  action  of  sulphuretted  hydrogen  on  the 
salts  of  bismuth  is  black.     It  is  a  protosulphide,  Bi  S. 

44.  TiTAHiUM.     Ti  =  24-3. 

This  metal  is  found  oxidized  in  several  minerals ;  and  occurs 
occasionally  in  the  metallic  form,  in  the  slag  of  iron  works,  as 
small  cubical  crystals,  exactly  similar  to  copper  in  appearance,  of 
Sp.  Q.  6'3,  and  very  infusible.  When  heated  with  nitre,  they  are 
oxidized,  producing  titanic  acid. 

TITANIUM   AND   0X70KN. 

a.  Protoxide  of  Titanium.    Ti  0 1 

When  a  solution  of  titanic  acid  in  hydrochloric  acid  is  acted  on 
by  zinc,  a  purple  powder  is  thrown  down,  which  is  supposed  to  be 
a  hydrate  of  the  protoxide.  It  rapidly  absorbs  oxygen  from  the 
air,  and  is  reconverted  into  titanic  acid. 

b.  TitenicAcid.     TiO«  =  40-326. 

To  obtain  this  acid,  nitilc,  which  is  a  native  titanate  of  iron  and 
manganese,  is  heated  to  strong  redness  in  a  porcelain  tube,  and 
sulpnuretted  hydrogen  gas  passed  over  it,  which  acts  on  the  oxides 
of  iron  and  manffanese,  converting  them  into  sulphides ;  the  opera- 
tion is  continued  as  long  as  water  is  formed,  and  the  residue  is 
digested  in  hydrochloric  acid,  which  dissolves  the  sulphides,  leav- 
ing the  titanic  acid,  mixed  with  a  little  sulphur.  Should  it  not 
appear  quite  white,  the  process  is  repeated. 

Titanic  acid  is  a  snow-white  infusible  solid,  in  its  relations  some- 
what analogous  to  silicic  acid.  When  it  has  been  fused  with  alcali, 
it  becomes  soluble  in  strong  hydrochloric  acid,  but  it  is  precipitated 
by  boiling.  A  solution  of  galls  causes  an  orange-red  color  in  its 
solution,  and  a  rod  of  zinc  causes  a  purple  deposit.  Titanic  acid 
is  used  in  making  the  finer  kinds  of  enamel  for  artificial  teeth, 
from  its  whiteness  and  hardness. 

Bichloride  of  Titanium.    Ti  Clt  =  69-77. 

Formed  by  passing  chlorine  gas  over  metallic  titanium,  or  a 
mixture  of  titamc  add  and  charcoal,  at  a  red-heat  It  is  a  trans- 
parent colorless  liquid,  boilmg  at  a  little  above  212^,  and  fuming 
strongly  in  the  air.  When  a  few  drops  of  water  are  added  to  a 
portion  of  it^  a  very  violent  action  takes  place,  and  a  solid  hydrate 


TSLLDKIUM. COPPEB.  1tl7 

of  titanic  acid  is  left,  hydrochloric  nxid  being  given  off.  Ti  G)>, 
+  HO  =  Ti  0. +  2HC1,  It  absorbs  a  large  quantity  of  ammo- 
nia, and  yields  a  solid  compound. 

Bisulphide  of  titanium  is  formed  by  passing  the  vapor  of  bisnl- 
pbide  of  carbon  over  titanic  acid,  at  a  whtle-neAt :  C  81  +  Ti  Oi 
=  COj+TiSi.  It  forms  thick,  green  masses,  which  become 
yellow  and  metallic-looking  by  friction- 

45.  Tellobiom.    Te  =  64-3. 

This  very  rare  metal  occurs  alloyed  with  gold  and  silver.  It 
has  a  color  between  that  of  tin  and  lead,  is  very  brittle,  and  has 
the  Sp.  G.  6'2578.  It  is  very  fusible,  and  volatile  at  a  red-heat. 
It  forms  two  oxides.  The  first,  oxide  of  tellurium,  or  tellurous 
ncid,  Tc  O2,  is  analogous  to  selenious  acid,  and  like  it  formed  by 
the  action  of  nitric  acid  on  the  metal.  It  is  a.  white  insoluble  pow- 
der, which  forms  with  the  alcalies  cry  stall  izable  salts,  fi'om  which 
it  is  separated  by  acids  as  a  flaky  hydrate,  which  dissolves  in 
acids,  and  even  in  water.  It  is  blackened  by  sulphuretted  hydro- 
gen, and  reduced  to  the  metallic  state  by  zinc  and  other  metals. 
The  othe^oxidc  is  telluric  acid,  Te  Oi  ;  which  is  formed  when 
tellurium  b  deflagrated  with  nitre.  It  is  n  soluble  and  crystal- 
lizable  acid;  the  crystals  are  Te  O3,  3  H  0.  Its  salts  are  not 
much  known. 

There  are  two  chlorides  :  the  protochloride,  Te  CI,  a  black  solid, 
yielding  a  violet  vapor ;  and  the  bichloride,  a  white,  volatile,  crys- 
te  Hi  cable  solid. 

With  sulphnr,  tellurium  forms  two  compounds,  one  of  which,  the 
bisulphide,  Te  81,  is  a  dark  brown  powder ;  the  other  is  yellow, 
but  not  permanent. 

With  hydrogen,  tellurium  forms  a  gaseous  compound,  obtained 
by  the  action  of  hydrochloric  acid  on  an  alloy  of  tellurium  with 
line.  It  is  a  feeble  acid,  analogous  in  composition,  smell,  and 
other  characters,  to  sulphuretted  hydrogen.  With  water  it  forms 
a  claret- colored  solution,  which  precipitates  many  metallic  salts, 
yielding  precipitates  which  are  tellurets  of  the  melals,  analogous  lo 
the  sulphides  and  seleniurides.  Its  formnta  is  H  Tct  and  its  action 
on  metallic  oxides  is  H  Te  -f-  M  0  =  M  Te  4.  U  O. 
46.  CoppEB.     Cu=:3r6. 

This  important  metal  is  sometimes  found  as  metal,  but  it  chiefly 
occurs  in  copper  pyrites,  the  sulphide,  and  in  blue  copper  ore,  or 
malachite,  which  is  carbonate  of  copper.  The  latter  ore,  heated 
with  charcoal,  yielda  the  metal  most  easily.  It  is  distinguished 
from  all  other  metals,  except  titanium,  by  its  red  color.  It  melts 
in  «  strong  Kd-heat,  and  has  the  Sp.  G,  8  667.  It  is  both  ductile 
ud  malleable,  and  has  a  high  degree  of  tenacity.  It  is  hard, 
•iMtie.  lUid  MnonMiB.  Heated  in  the  open  fire  it  absorbs  oxygea, 
10 
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nad  produces  n  blnck  cmihI  uf  oxide  of  copper,  Ca  0.  Its  proper 
solvent  iH  nitric  ncid,  but  it  dt3:K>lves  in  nil  acids  if  air  be  admitted, 
even  in  the  cold.  This  renders  its  use  for  uulinRry  purpostui 
dangerous,  as  copper  vcsst'Is  left  with  rinej^nr,  or  any  vegetable 
Mid  in  Ihem.  are  sure  tu  be  corroded,  and  the  solutions  are  very 
poisonous.  Copper  it  nn  ingredient  of  brass,  in  wbich  it  is  com- 
bined with  line ;  and  of  bronze  and  bell-metal,  in  which  it  is 
alloyed  with  dilTerent  proportions  of  tin. 

■.  Protoxide  of  Copper.     Cu  0  =  39-613. 

Stn.  Slack  Oxide  of  C'opptr — Js  obtained,  as  above,  by  bent- 
loE  copper  in  air,  or  by  calcinating  nitrate  of  copper,  when  the 
oxtde  18  led.  It  b  a  heavy  black  powder,  which  is  a  strong  base, 
and  forma  with  acids,  salts,  all  of  which  are  blue  or  green.  The 
Mentions  of  this  oxide  have  generally  a  blue  color  :  they  give  with 
potash,  a  pale-blue  hydrate,  becoming  black  nhen  boiled  in  the 
liquid  in  which  it  was  formed ;  with  ammonia  in  excess,  a  deep 
violet-blue  solution  ;  with  sulphuretted  bydrogen,  a  black ;  and 
with  ferrocyanide  of  potassium,  a  chestnut  brown  precipitate.  The 
Iwt  test  is  highly  delicate.  Iron  throws  down  raetallic  copper 
from  these  solutions.  Black  oxide  of  copper  is  not  decomposed 
by  heat,  but  has  the  valuable  property  of  yielding  all  its  oxygen 
Kt  a  red-beat  to  organic  matter  :  hence  its  importance  in  organic 
anftlyns. 

b.  Suboxide  of  Copper,    Cut  0  =  71-213. 

8tr.  Sed  Oxidt  of  Copper — Occurs  native,  tind  is  formed 
when  a  mixture  of  dried  sulphate  of  copper,  dried  carbonate  of 
■oda,  and  copper  filings,  is  ignited  strongly  for  20  minutes.  It 
is  s  red  powder.  It  dissolves  in  hydrochloric  acid,  forming  a  color- 
leaa  solution,  from  which  aicalies  precipitate  an  orange  hydrate ; 
but  most  acids  resolve  it  into  black  oxide  and  copper.  Cui  O  = 
Cn  0  +  Cu.     It  is  ft  feeble  base. 


Chloride  of  Copper.     CuCI=e6-0U. 
Forms  green  deliquescent  needles,  wbich  are  a  hydrate.     The 
Rnhf  drous  chloride  is  yellow, 

Didiloride  of  Copper.     Cui  CI  =  98-63. 
Is  found  when  copper-filings  are  heated  with  2  parts  of  corrosive 
■nblimate.    A  resinoos-like,  fusible  mass,  of  a  yellow  or  brown 
color. 

Diniodida  of  Copper.     Cut  I  =  169*7. 

Fonned  when  iodkb  of  potasnum  is  added  to  a  solution  of  1 

put  of  ulpata  of  oopper,  and  3  puts  of  snlphato  of  iron.    It  Gslla 

M  «  ivttj  wbil*  preoijMtate.    We  are  thns  enabled  to  precipitate 
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the  whole  of  the  iodine  tram  any  iodide ;  for  if  we  add  only 
sulphate  of  copper,  not  more  than  one-hitlf  of  the  iodine  is  got, 
the  other  half  being  eet  free,  because  no  protoiodide  of  copper 
exists. 

DiBulphida  of  Copper.     Cut  S  =  79-33. 

This  is  the  native  ore,  copper  pjriteii,  and  is  formed  when  sul- 
phuretted hydrogen  acts  on  solutions  of  copper. 

The  best  antidote  to  the  preparation  of  copper  is  white  of  egg, 
which  forms  with  oxide  of  copper  an  inert  compound. 
47.  Lead.    Pb=:  1036. 

This  valubte  metal  chiefly  occurs  combined  with  sulphur, 
forming  the  mineral  galena,  or  lead-glance,  from  which  all  the 
lead  of  commerce  is  obtained.  It  is  also  met  with  as  carbonate, 
sulphate,  phosphate,  and  arseniate  of  oxide  of  lead.  The  galena 
is  roasted,  to  expel  the  sulphur  and  oxidize  the  lead,  and  the  oxide 
is  heated  with  charcoal  to  reduce  the  metal ;  indeed,  a  good  deal 
of  lead  is  obtmned  by  heating  the  ore  alone  in  a  reverbntory  fur- 
nace, where  ic  is  partly  converted  into  sulphate  of  lead,  and  partly 
into  oxide.  Both  of  these  act  on  undecoroposed  sulphide,  yielding 
sulphurous  acid  and  metallic  lead:  thus  SPb  0 -|-FbS  =  SOi + 
Pb.  ;  andPbO,  SO. +PbS=2S0. -fPb.. 

Lead  has  a  bluish-gray  color,  and  high  lustre,  but  soon  Cai^ 
nishes.  Its  Sp.  O.  is  11-361.  It  is  malleable,  ductile,  soft,  and 
flexible,  but  of  inferior  tenacity.  It  mells  at  about  612°.  When 
heated  in  air  it  is  rapidly  oxidised,  and,  according  to  the  heat, 
yields  protoxide,  or  red  oxide.  The  gray  matter  that  forms  on  the 
surface  of  melted  lead  is  a  mixture  of  meial  and  protoxide. 

Lead,  when  exposed  to  the  action  of  air  and  moisture,  is  rapidly 
corroded,  and  particularly  in  contact  with  pure  or  rain-water,  form- 
ing a  white  crust  of  carbonate,  which  is  nighly  poisonous.  The 
oxygen  and  carbonic  acid  are  absorbed  from  the  air.  This  renders 
lead  quite  improper  for  pipes  or  cisterns,  where  rain-water,  or  very 
soft  water  is  to  be  kept  in  them  ;  but  Dr.  Christison  has  shown 
that  lead  is  protected  by  the  presence  of  a  minute  quantity  of  saline 
matter,  particularly  sulphates,  and  as  these  exist  in  hard  water,  or 
even  in  such  water  as  that  of  Edinburg.  in  sufficient  quantity,  lead 
may  be  safely  used  in  such  cases,  rs  it  is  not  corroded,  the  sur&ce 
becoming  covered  with  an  insoluble  film,  which  protects  the  mass 
of  the  metal. 

Lead  is  s  moot  useful  metal,  not  only  in  itself  but  as  an  ingre- 
dient in  pewter,  solder,  and  other  important  alloys. 


Protoxide  of  Lead.     PbO=:  111-613. 
Prepared  by  healing  lead  in  air  till  it  it  entirely  mwt 
a  yellow  powder,  which  is  the  protoxide,  oftea  ooUed 
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WheD  partly  fused,  as  in  the  process  of  cupclUdon,  it  is  called 
litharge.  It  ifi  a  heavy,  insoluble,  yellow  or  reddish  powder,  which 
ia  a  base,  and  forms  with  acids  the  salts  of  li:tid.  which  are  ^ner- 
ally  colorless,  and  have  a  sweet  taste.  Their  solutions  give  with 
pot&sh  a  white  hydrate,  soluble  in  excess  ;  with  carbonates,  a  wbil«: 
carbonate,  which  is  the  paint,  while  lead  ;  with  sulphates,  or  sul- 
phuric acid,  a  white  insoluble  sulphate  ;  with  iodide  of  potassium, 
S  bright  yellow  iodide  of  kad  ;  with  sulphuretted  hydrogen,  a 
dark  brown,  nearly  black  sulphide.  Lead  is  very  easily  recognized 
in  solution  by  the  combination  of  the  two  tests  of  sulphuric  acid 
and  sulphuretted  hydrogen,  or  iodide  of  potassium  and  sulphuret- 
ted hydrogen. 

b.  Seaquioxide  of  Lead.    Pbi  Oi  =331'939. 
Is  formed  when  solulJoQ  of  hypochlorite  of  soda  is  added  (o 
protoxide  of  lead  disBolved  in  caustic  sodn.     It  is  a  reddish -yellow 
msoluble  powder,  resolved  by  acids  into  protoxide  and  oxygen. 

c.  Peroxide  of  Lead.  Pb  Oi  =  1 19-696. 
Prepared  b^  acting  on  red  oxide  of  lead  (see  below)  with  dilute 
nitric  acid,  which  dissolves  protoxide,  and  leaves  peroxide  of  lead 
as  a  puce-colored  insoluble  powder.  It  is  also  formed  when 
litharge  is  fused  with  chlorate  of  potash  at  as  low  a  beat  as  possi- 
ble ;  and  when  chlorine  ia  passed  through  a  solution  of  acetate  of 
protoxide  (sugar  of  lead).  Here,  2Pb  0  +  CI  =  Pb  CI  +  Pb  Oi. 
The  peroxide  yields  oxygen  when  heated,  or  when  acted  on  by 
acids,  which  combine  with  protoxide,  liberating  oxygen. 

d.  Red  Oxide  of  Lead.    Phi  0«  =  349-853. 

This  well-known  pigment  is  formed  when  lead  is  eiposed  to  a 
ctiTrent  of  air  at  600°  or  700°,  It  is  formed  either  of  protoxide 
and  peroxide,  2  Pb  0  -4-  Pb  Oi  ;  or  of  sesquioxide  and  protoxide, 
Pbi  Oi-|-PbO.  Acids  resolve  it  into  peroxide  and  protoxide. 
It  is  much  used  in  the  manufacture  of  flint  glass,  to  give  brilliancT 
and  ftisibility  to  the  glass. 

CUm-ide  of  Leul.    Pb  CI  =  39-03. 

Is  formed  when  hydrochloric  acid  or  a  soluble  chloride  is  added 
to  any  solution  of  a  salt  of  protoxide  of  lead  :  H  01  +  Pb  0  ^ 
Pb  CI  -|-  H  0.  It  is  deposited  in  strong  solutions  as  a  white  pre- 
d|ntate,  sparingly  soluble  in  cold  water.  It  dissolves  in  hot 
water,  and  forms  whit«  needles  on  eotding.  It  is  fusible  below  a 
red-heat,  and  forma  on  cooling  a  homy  mass. 

lodids  of  Lead.    PbI»99»-9. 

Formed  when  hydriodlc  acid  or  a  soluble  iodide  u  added  to  a 

saltofproloiideoflead:KI  +  PbO,NOii£PbI  +  KO,NO<. 


It  formi  a  bright-yellow  very  sparingly  soluble  precipitate,  which 
dissolves  in  hot  water,  forming  a  colorless  solution  ;  and,  od  cool- 
ing, deposits  beautiful  yellow  eii-sided  tables,  with  the  lustre  of    ' 
gdd. 

Bromide  of  lead,  Pb  Br,  resembles  the  chloride. 

Sulphide  of  Lead.  Pb  S  =  1 19-7. 
This  is  the  native  compound  from  which  the  lead  of  commerce 
is  obtained.  It  is  gray,  and  has  a  high  metAllic  lustre,  and  is 
often  found  beautifully  crystallized  in  cubes.  By  the  action  of 
fumiog  nitric  acid,  it  is  entirely  converted  into  sulphate  of  lead : 
PbS4-4NO,=PbO,SOj  +  4N04.  It  is  formed  by  the 
action  of  sulphuretted  hydrogen  oa  the  suits  of  lead,  as  a  blaclc 
powder. 

Ordxr  3.  —  Mktals,  thb  Oxides  or  which    arb  rxducid    to 

TUB  Metallic  State  bt  a  RsD-axAT. 

48.  HERctTRT.    Hg  =  20S. 

This  roetnl  is  distinguished  from  all  others  by  its  being  liquid  at 
ordinsry  temperatures.  It  is  occasionally  found  in  the  metallic 
state  ;  but  its  usual  ore  is  the  bisulphide,  known  as  cinnabar. 
From  this  it  is  obtained  by  disUlling  it  in  iron  vessels  with  iron 
filings. 

The  appearance  of  merctuy  or  quicksilver  is  well  known. 
Its  Sp.  G.  IS  13'54S  at  47°  :  but  it  contracia  in  freeting ;  and  as  a 
solid,  its  Sp.  G.  is  15-612.  It  freezes  at  — 39°,  and  boils  about 
680°.  When  heat«d  to  its  boiling  point  along  with  air,  it  slowly 
combines  with  oxygen,  forming  a  red  powder,  which  is  peroxide 
of  mercury,  the  oxydum  hj/draryr/ri  rubrum  per  »«  of  uie  older 
chemists.  At  a  somewhat  higher  temperature  the  oxygen  again 
separates  from  the  metal.  The  uses  of  mercury  for  trarometera, 
thermometers,  mirrors,  Ac,  are  universally  known. 


a.  Protoxide  of  Mercury.  HgO  =  210'013. 
To  prepare  it,  protochloride  of  mercury  (calomel)  is  rapidly 
mixed  with  aqua  potassee  in  excess,  by  rubbing  in  a  mortar  ;  and 
the  black  powder  formed  is  washed  with  cold  water  and  dried  in 
the  dark.  HgCl  +  KO  =  KCl +  UgO.  It  is  a  black  or  dark 
olive  powder,  which  is  easily  resolved  into  peroxide  and  metal : 
0  2  Hg  0  =  Hg  0,  +  il^  :  and  hence  is  difficult  to  keep.  It  is  a 
feeble  base,  and  forms  with  acids  crystal  It  sable  salts,  such  as  the 
acetate  and  nitrate.  Its  Eolulions  are  precipitated  black  by  caustic 
alcalies;  white  (calomell  by  hydrochloric  acid,  or  a  soluble 
chloride ;  and  the  metal  is  reduced  by  copper,  phosphorous  acid, 
or  protochloride  of  tin. 


b.  Peroxide  of  Herein;.     HgOi  ssSIB-OW. 

le  formed,  as  above  mentioaed,  b^  the  combmed  action  of  Iieat 
and  air;  but  much  more  readily  by  dixsolvine  mercury  in  nitric  acid, 
evaporatlDg  to  dryness,  and  healing  tbe  dry  residue  aa  long  as 
any  nitrous  acid  is  given  off.  The  peroxide  is  left  in  the  form  of 
a  crystalline  scaly  powder,  nenrly  black  while  hot,  but  of  a  light- 
red  when  cold.  In  this  form  it  is  often  called  red  precipitate,  a 
most  absurd  name,  as  it  has  not  been  prepared  by  precipitation, 
and  when  precipitated  it  appears  as  a  yellow  hydrate.  It  ia  a 
base,  and  forms  salts  with  acids,  which  are  apt  to  be  decomposed 
by  hot  water,  yielding  insoluble  yellow  sub-salts  and  soluble 
super-salts.  These  salts  ^ve  a  yellow  precipitate  with  caustic 
potash,  a  white  with  ammonia,  and  a  fine  scarlet  with  iodide  of 
potassium ;  phosphorous  acid,  protochloride  of  tin  and  copper, 
reduce  the  mercury  to  the  metallic  stale. 

Both  the  oxides  of  mercury,  in  their  solutions,  are  precipitated 
black  by  sulphuretted  hydrogen. 

USaoURT  &HD  CBLOEIMB. 

a.  Protochloride  of  Mercury.    HgCI  =  23T42. 

SrN.  Calomfl  —  Occurs  sparingly  as  horn  quicksilver  in  the 
mineral  kingdom.  May  be  prepared  either  by  subliming  a  mix- 
ture of  bichloride  of  mercury  and  mercury,  Hg  Cli  -H  Hg,  which 
yields  2  Hg  CI ;  or  by  adding  hydrochloric  acid  or  solution  of 
common  salt  to  a  solution  of  protonitrate  of  mercury,  when  the 
protochloride  is  precipitated  :  UgO,  NOi  4-NaCl  =  NaO,  N0> 
+  Hg  CI.  It  is  a  heavy  white  volatile  powder,  insoluble  in  water. 
It  ia  blackened  by  alcalies.  When  first  prepared,  it  is  always 
oMtaminaled  with  corrosive  sublimate,  and  must  be  well  washed 
with  hot  water  before  it  is  used  as  a  medicine. 

b.  Bichloride  of  Mercury.    HgCli  =27384. 

Sth.  Corrotive  Sublimalt.  —  This  compound  is  formed  when 
mercury  is  so  heated  as  to  bum  in  chlorme  gas.  It  is  prepared 
by  subliming  a  mixture  of  bisulpbate  of  peroiide  of  mercury 
with  common  salt:  HgOi,  280)  +  2  Na  CI  =  2(NaO,  8  Oi) 
+  HgCli.  Or  it  may  be  formed  by  dissolving  peroxide  of  mer- 
cury m  hydrochloric  acid,  when  it  ia  deposited  in  crystals.  It  is  a 
heavy,  trKuslueent,  crystalline,  volatile  aolid,  soluble  in  20  parts 
of  cold  water,  and  in  2  parts  of  hot  water.  It  has  a  very  disa- 
greeable, acrid,  metallic  taste,  and  is  very  poisonons.  Its  solution 
^ves,  with  hxed  alcalies,  a  yellow  precipitate  of  hydrated  perox- 
ide ;  with  ammonia,  a  white  insoluble  powder,  called  white  pre- 
Gi|»lale  ;  with  milphuretted  hydrogen,  first  a  white,  and  when  the 
test  is  added  in  excess,  a  black  precipitate  of  sulphide;  with 
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iodide  of  potauiam,  a  acarleb  predpitftte  of  psiiodide ;  and  with 
protocblonde  of  tin,  a  gray  powder  of  running  mercury. 

The  proper  antidote  to  corrosive  sublimate  as  a  poiaon,  u  albu- 
men or  white  of  egg,  which  forma  with  it  an  itisolable  and  inert 


HIKCDSr  ASD  lODIHK. 
B.  Protoiodide  of  Mercury.  Hgl  =  398-3. 
This  compound  is  formed  when  iodine  and  mercury  are  rubbed 
together  in  the  proper  proportions,  with  a  little  alcohol,  which 
facilitates  the  combination  ;  or  when  iodide  of  potassium  is  added 
to  solutions  of  protoxide  of  mercury;  HgO  +  Kl  =  KO  +  HgI. 
It  is  a  greenish -yellow,  heavy  insoluble  powder,  which  may  be 
sublimed;  but  is  apt  to  be  decomposed  by  heat,  and  especially  by 
light,  into  metallic  mercury  and  periodide  :  2  Hg  I  =  Hg  Ii  +  Hg. 

b.  Bioiodide  of  Mercury.    Hgli  =494*6. 

8th.  Periodide  of  Mercury —  Is  obtained  by  rubbing  t<wether 
iodine  and  mercury  in  the  proper  proportions,  with  a  little  alcohol, 
and  subliming ;  or  by  adding  iodide  of  potassium  to  a  solution  of 
corrosive  sublimate  ;  HgClj  +  2KI  =  2K  CI  +  Hglj.  It  is  an 
insoluble  powder  of  the  most  brilliant- scarlet  color,  superior  to 
that  of  vermilion,  and  equal  to  that  of  certain  flowera,  such  as 
lobelia  carditudis,  salvia  splendent,  and  certain  varieties  q(  pelar- 
gonium: but  unfortunately  it  loses  part  of  its  brilliancy,  when 
eiposed  to  light  under  certain  circumstances.  Although  msoluble 
in  water,  it  dissolves  easily  in  an  excess  of  either  of  its  precip- 
ilants  ;  a  hot  solution  of  nitrate  of  peroxide  of  mercury  dissolves 
it,  and  on  cooling,  deposits  it  in  beautiful  red  crystals. 

The  biniodide,  when  heated,  undergoes  a  remarkable  change  : 
the  red  powder,  which  has  an  earthy  aspect,  passing  iuto  yeUow 
crystals ;  and  when  further  heated,  melting  and  subliming  in  large 
yellow  rhombic  tables.     Either  these,  or  the  yellow  crystalline 

Kwdcr  firat  mentioned,  sometimes  retain  their  yellow  color  pretty 
ig;  but  agitation,  or  friction,  or  the  mere  touch  of  a  sharp 
point,  at  once  causes  them  to  become  red,  beginning  at  a  point 
or  points,  and  gradually  changing  throughout  the  mass.  This  is 
the  result  entirely  of  a  new  molecular  arrangement ;  for  the  com- 
position of  the  red  and  yellow  iodide  is  precisely  the  same. 
The  bromides  of  mercury  are  very  similar  to  the  chlorides. 

HKROUBT   AND    BULI>BITB. 

a.  Protoaulphide  of  Uercury.    HgS  =  31S'l. 
Formed  by  the  action  of  sulphuretted  hydro^n  <m  dilated 
prolonitrat«  of  mercory.    It  ia  a  black  powder  which,  by  heat,  ia 
rewdred  into  metallio  mwonry  and  biaulpbide. 


^ti  8ILVBK. 

b.  Biaulpbide  of  Mercnrj-    Hg  Ss  =  334-3. 

Occure  nfttiirnlly,  as  citmabar,  nnd  is  the  chief  ore  of  mercnry. 
Ib  fbnned  by  fngme  sulphur  with  6  parts  of  mercury,  and  aub- 
Uming;  orby  ponnng  a  aolntion  of  corrosive  sublimitte  into  an 
eiceaa  0^"  sulphide  of  ammonium,  when  a  bltick  powder  &lls, 
which  is  to  be  dried  and  sublimed.  When  sublimed,  the  bisul- 
phide forms  n  dark-red  crystAlline  mass,  called  cinnabar,  which, 
when  finely  powdered,  acquires  a  very  fine  red  color,  and  becomes 
vennilion. 

The  black  powder  obtained  by  triturating  together  equal  parts 
of  mercury  and  sulphur,  and  long  known  as  Elbiop's  mineral,  u  a 
mistore  of  sulphur  with  bisulphide.  It  is  to  be  otwerved,  tbat  the 
luiulphide,  like  the  biniodide,  exists  in  two  states,  being  sometimes 
black,  and  sometimes  red. 

49.  SiLTEi.    Ag=I08-aj. 

This  beautiful  and  useful  metal  is  foond  in  the  metallic  state  ; 
also,  as  chloride  and  as  sulphide.  It  occars  also  alloyed  with 
gold,  tellurium,  antimony,  copper,  and  arsenic.  Almost  all  vari- 
eties of  galena  (the  ore  of  lead)  contun  a  small  proportion  of 
sulphide  of  silver  ;  and  id  many  pltices,  it  is  found  wortli  while  (o 
extract  this  silver  from  the  lead  smelted  from  the  ore.  The 
separation  of  lead  from  silver  is  effected  by  cupellation  ;  that  is, 
by  hea^ng  the  alloy  in  a  current  of  air,  when  the  lead  is  oxidised, 
and  the  ojiile  is  either  absorbed  by  the  cupel  or  porous  cup ;  or, 
on  the  large  scale,  is  raked  away  to  the  side,  while  the  silver 
remains  as  a  bright  metallic  globule,  or  button.  From  the  ore  in 
which  silver  occurs  as  metal,  it  u  extracted  by  amalgamation  with 
mercury  ;  and  the  amalgam  being  distilled,  leaves  pure  silver. 

When  the  proportion  of  silver  in  lead  is  very  small,  it  may  be 
still  rendered  available  by  melting  the  lead,  and  allowing  it  to 
crystallize ;  the  crystals  which  form  arc  pure  lead,  and  as  these 
are  separated,  the  silver  gradually  accumulates  in  the  Quid  portion. 
This  at  last  comes  to  be  very  rich  in  silver,  and  is  cupelled  apart 
to  obtain  the  latter  metal. 

Silver  has  a  fine  white  color  nnd  high  lustre.  It  is  highly  mal- 
leable and  ductile,  and,  when  pure,  is  a  soft  metal.  Its  Sp.  G.  is 
lO'S ;  it  melts  at  a  full  red-heat,  and  when  melted  in  open  vessels, 
it  absorbs  a  considerable  quantity  of  oxygen,  without  apparently 
combining  with  it ;  and  on  consolidating,  gives  out  the  whole, 
causing  the  metal  to  assume  a  beantiful  frosted  aspect.  The  uses 
of  silver  are  quite  familiar.  For  the  pnrpoae  of  making  coinage, 
or  silver  plate,  it  is  alloyed  in  this  country  with  rather  less  than  -^j 
of  copper,  which  renders  it  much  harder  and  fitter  for  wear. 

When  silver,  ai  commonly  happens,  has  been  alloyed  with  cop- 
per, it  is  purified  in  several  ways.  1.  By  dissolving  the  alloy  in 
nitric  acid,  and  adding  oomniM  salt,  vhieh  throws  down  tho  rimr 
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aa  chloride ;  and  from  thia  tbe  metal  is  sepsrat^d  (see  below). 
t.  By  dissolving  the  alloy  in  oil  of  vitriol,  with  the  aid  of  heat, 
and  ac^ng  on  the  hot  solution  with  metallic  copper,  which  pre- 
cipitAtes  the  silver  as  metal,  the  copper  taking  its  place  in  the  sola- 
tioD.  In  both  processes,  the  small  quantitj'  of  ffold  usually  present 
in  commercial  silver,  i»left  by  the  acid  as  a  black  powder,  when 
the  silver  and  copper  are  dissolved  ;  and  ila  extraction  genert^lj 
covers  the  whole  eipense  of  the  purification  of  the  silver,  leaving, 
besides,  a  profit  to  the  purifier. 

OKide  of  Silver.    Ag  0  =  I]6'323. 

This,  the  only  oxide  of  silver,  is  obttuned  by  dissolving  silver  in 
nitric  acid,  and  adding  caustic  potash,  when  the  oxide  is  precipitated 
as  n  brown  powder.  It  may  also  be  formed  by  boiling  the  moist, 
recently -prepared  chloride  with  very  strong  potash,  when  it  appears 
as  a  very  dense  pure  black  ponder.  It  is  a  base,  and  neulrnlitts 
all  acids,  forming  salts,  most  of  nhich  are  insoluble,  or  sparingly 
soluble.  The  oxide  is  reduced  to  the  metallic  stale  by  a  red-heat. 
Its  solutions  are  easily  recognized.  Tbey  give,  with  caustic  fixed 
alcalies,  &  brown  precipitate  ;  with  ammonia,  a  similar  one,  soluble 
in  the  slightest  excess ;  whitb  hydrochloric  acid,  or  any  soluble 
chloride,  the  white  curdy  precipitate  of  chloride  of  silver,  insoluble 
in  water  and  acids,  but  soluble  in  ammonia  ;  and  with  sulphuret- 
ted hydrogen,  a  dark-brown,  nearly  black  precipitate  of  sulphide. 
Slver  and  all  its  compounds  are  very  sensitive  to  sulphuretted 
hydrogen,  which  blackens  them.  Most  of  the  compounds  of  oxide 
of  silver  are  very  soluble  in  ammonia  ;  and  all  the  compounds  of 
silver  are  darkened  by  the  action  of  light,  a  property  which  haa 
lately  been  applied  to  useful  purposes  in  the  daguerreotype,  calo- 
type,  and  other  photographic  methods.  Oxide  of  silver  is  reduced 
to  the  metallic  stato  from  its  solutions  by  copper,  zinc,  and  several 
other  metals.  When  mercury  is  used,  there  is  formed  a  beautifiil 
arborescent  crystallization  of  an  alloy  of  silver  and  merctiry,  called 
Arbor  Dian». 

When  precipitated  oxide  of  silver  is  acted  on  by  smmonia,  a 
dark  powder  is  formed,  which  fulminates  violently  when  heated, 
or  by  friction.  Its  composition  is  not  exactly  known ;  but  it 
probably  contains  a  compound  of  silver  with  nitrogen. 

Chloride  of  Silver.  Ag  CI  =  143-78. 
Is  found  in  tho  mineral  kingdom  aa  horn  diver;  and  is  formed 
whenever  oxide  of  silver  comes  in  contact  with  chlorine,  hydro- 
chloric acid,  or  a  soluble  chloride.  Ag  =  0  H  CWor  H  CI)  =  Ag 
CI  +  H  0  (or  M  0).  It  then  forms  a  heavy  while  curdy  pre- 
cipitate, quite  insoluble  in  water  and  acids,  hut  soluble  In  ammonia. 
Hence,  a  solntion  of  silver  is  a  most  delicate  test  for  hydrochlorio 
acid,  or  chlorides.     The  ehloride  melta  at  »  heat  below  600°,  and. 
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on  cooling,  fonna  a  translneciit  horny  mus.  The  freshly  precip- 
itated cbloride  is  Tery  sensitive  to  light,  and  this  is  the  fonndatioa 
of  Talbot's  calotype. 

To  rednce  the  chloride  to  the  metallic  itate,  eeventl  method* 
are  followed.  1.  It  is  covered  with  water  acidulated  with  hydro- 
chloric Hcid,  and  a  rod  of  sine  ia  introduced,  which  gradually 
reduces  the  whole  mass  of  chloride :  Ag  CI  +  Za  =  Ag  -|-  Zn 
CI.  The  Bilrer  ie  digested  in  dilute  hydrochloric  acid,  washed, 
dried,  and  fused.  2.  The  dried  chloride  ia  fused  with  carbonate 
of  potash ;  when  carbonic  acid  and  oxygen  are  given  off,  chloride 
of  potaseium  is  tbrmed,  and  metallic  silver  collects  as  a  button  in 
the  bottom  of  the  crucible.  In  this  process,  the  effervescence  is 
troublesome :  and  if  the  heat  be  not  high  enough,  the  silver 
remains  disseminated  in  the  mnsa ;  while,  if  the  heat  be  too  high, 
the  crucible  ia  corroded,  and  the  silver  flows  into  the  fire.  Hence 
ibis  process,  allhongh  it  socceeda  in  eiperienced  handa,  is  very 
apt  to  fail  in  those  of  beginners;  for  whicb  reason  I  have  proposed 
the  following.  3.  The  freshly  precipitated  chloride,  while  still 
mtnst,  ia  boiled  with  very  strong  canatic  potash,  till  it  ia  converted 
into  black  oxide  of  silver  entirely,  or  in  great  part.  The  oxide  is 
then  heated  with  a  little  pearlash  and  Ikthx,  and  yielda  a  button 
without  any  risk  of  failure.  The  oxide  thus  prepared,  answers 
admirably  for  making  pure  mtrate  of  silver,  as  diluted  nitric  acid 
dissolves  it  instantly,  leaving  undissolved  any  undecompoaed 
chloride.  The  action  of  the  potash  in  the  two  last  processes  is 
«ry  simple  :  Ag  01  -|-  K  O  =  K  Cl-f  Ag  0. 

Iodide  of  Silver.    Ag  I  =  334-88. 

Formed  under  the  same  circumstances  as  chloride  of  silver, 
which  it  resembles.  It  ia  a  yellowish -white  insoluble  powder, 
insoluble  in  water,  and  nearlv  so  in  ammonia.  It  is  very  sensi- 
tive to  tight,  and  a  film  of  iodide  of  silver  is  the  substance  which 
ree^ves  the  impressions  in  the  silver  plates  of  the  daguerreotype. 

The  bromide  of  silver  is  very  similar  to  the  chlonde. 

Sulphide  of  Silver.  Ag  B  =  134-43. 
Occurs  aa  a  mineral,  silver  glance,  and  is  formed  by  the  action 
of  sulphuretted  hydrogen  on  oxide  of  silver,  or  indeed  on  silver 
itself,  or  any  compound  of  it  whatever.  Polished  silver  ia  instantly 
tarnished  by  the  minutest  trace  of  sulphuretted  hydrogen,  so  that 
coal  gas,  which  contains  a  mere  trace  of  that  gas,  cannot  be  used 
in  silversmiths'  shops.  It  vronld  aj^ar  that  ue  affinity  of  alvor 
for  snlpbur  is  very  powerful. 

60.  Gold.    Au=  199-9. 

This  metal  is  found  native,  «ther  pore  or  alloyed  with  silver 

and  tell&riom.     When  combined  wiui  nlrer,  it  ii  purified  bv 


nRCBLOBIDI   OF   GOLD.  2S7 

qUHUtion;  tbat  is,  bj  fimtsg  it  with  so  much  aiWer,  that  the 
gold  does  not  exceed  one-fourth  of  the  mass,  and  then  actiDg  on 
the  alloy  hy  nitric  acid,  which  dissolves  the  silver,  and  leares  the 
gold  OS  B,  black  or  brown  powder,  which,  when  fused,  assumes  the 
peculiar  yellow  color  of  gold. 

Gold  is  distingaished  by  its  pure  yellow  color,  high  metallic  lus- 
tre and  greftt  density.  Its  Sp.  Q.  is  I9'3.  It  is  the  most  ductile 
and  malleable  of  all  metals  ;  and  it  melts  in  a  strong  red  or  white 
heat.  From  its  feeble  affinities,  gold  does  not  readily  tamisb,  and 
may  be  heated  for  any  lime  without  change,  except  when  it  is  ex- 
nosed  to  a  strong  electric  spark,  when  it  boms  with  a  green  li^ht 
No  single  acid  dissolves  it ;  but  it  is  easily  dissolved  by  chlorine 
ttnd  by  nitro-bydrochloric  acid,  or  aqua  regia,  chlorine  being 
apparently  the  solvent  in  both  cases. 

The  oxides  of  gold  can  only  be  obtained  by  indirect  means. 
I.  Protoxide  of  Gold.     Au  O  =  307-313. 

Formed  by  the  action  of  cold  potash  on  protochloride  of  gold. 
It  forms  a.  green  precipitate,  which  is  soon  resolved  into  peroxide 
and  metallic  gold. 

b.  Peroxide  of  Gold.     Au  Oi  =333-239. 

Obtaioed  by  adding  carbonate  of  potash  to  a  neutral  solation 
of  ptercliloride  of  gold,  as  a  brownisn-yellow  hydrate,  which  at 
212°  loses  its  water  and  becomes  black.  It  is  a  very  feeble- base, 
having  apparently  a  tendency  to  combine  with  bases  rather  than 
with  acids.  When  acted  on  by  ammonia  it  yields  falminating  gold, 
a  very  dangerous  compound,  which  probably,  like  falmmating 
silver,  contains  a  compound  of  gold  with  nitrogen.  A  binoxide 
of  gold,  Au  Oa ,  is  supposed  to  exist,  and  to  be  formed  as  a  purple 
powder  when  gold  is  Dumed  by  the  electric  spark. 
GOLn  AMD  CBLoninn. 

a.  Protochloride  of  Gold.     Au  CI  =  234-67. 

Formed  by  exposing  the  perohloride  to  a  heat  of  600°.  It  is 
a  yellow  insoluble  powder,  which  by  boiling  in  water  is  changed 
into  metallic  gold  and  percbloride.     3  AuCl  =  Auj  +  AuCh. 

b.  Percbloride  of  Gold.    Au  Cb  =308-61. 

This,  the  usual  form  in  which  gold  is  dissolved,  is  formed  when 
gold  is  acted  upon  by  aqua  regie  or  by  chlorine.  It  forms,  when 
evaporated  safficientTy,  ruby-red  crystals,  which  arc  deliquescent. 
The  solution  is  yellow.  It  is  reduced  to  the  metallic  stalo  bj 
many  deoxidising  agents,  such  as  protosulphate  of  iron,  formio 
acid  and  formiales,  ac,  itc;  and  when  the  reduction  takes  place 


in  a  dilukd  solution,  the  metallic  gold  appears  as  a  bine  poirder 
aa  long  as  it  ia  suspended  in  the  liquid.  Deoxidizing  agents  prob- 
ably act  by  decomposing  water,  the  bjdrog<::n  of  which  deprives 
the  gold  of  chloriDB.  Chloride  of  gold  is  also  rednced  directly 
by  the  action  of  hydrogen,  phosphuretted  hydrogen,  and  metals. 
When  heated  it  is  first  reduced  to  protochloride  and  afterward  to 
metallic  gold. 

When  solution  of  protochloride  or  sestjqichlonde  of  tin  is  added 
to  solution  of  gold,  a  purple  precipitate  is  formed,  long  known  as 
the  purple  of  Cassias,  and  used  for  staining  glass.  lis  composi- 
tion is  not  known  with  certainty,  but  it  contains  gold,  tin,  and 
ojygen. 

The  iodides  of  gold  arc  in  composition  analogous  to  the 
chlorides.  The  snlphide,  formed  by  the  action  of  sulphuretted 
hydrogen  on  the  pcrchloride,  is  a  black  powder,  supposed  lo  be  a 
teraulphide,  Au  Si. 

61.  PtATiHCM.    Pt=98-84. 

This  metal,  like  gold,  is  found  in  the  metallic  state,  but  always 
all<^ed  with  other  metals,  and  generally  mixed,  as  the  ore  of  pla- 
tinnm,  in  the  form  of  sand,  with  gold,  silver,  and  other  minerals 
in  small  proportion.  The  purification  of  platinum  is  a  tedious 
operation,  too  difficult  to  be  described  here  in  a  few  words.  Hut 
the  essential  parts  of  the  process  are  the  dissolving  the  platinum 
on  in  aqua  regia ;  the  precipitating  the  platinum  as  a  double 
ebloride  of  ammonium  and  jjlatinum  ;  and  the  igniting  of  this  salt, 
vhich  leaves  pure  platinum  in  a  spongy  state,  containing,  perhaps, 
a  trace  of  indium.  The  dooble  chloride  may  also  be  reduced 
by  the  action  of  zinc  and  diluted  sulphuric  acid,  when  the  plati- 
num is  obtained  as  a  dense  black  powder.  Spongy  platinum  is 
rendered  raelleable  by  being  first  exposed  to  powerful  pressure, 
and  then  healed  and  hammered  till  it  is  rendered  dense  and  work- 
able. Or  it  may  be  fused  before  the  oxyhydrogen  blowpipe,  being 
quite  infusible  in  the  furnace. 

Pure  platinum  resembles  silver,  but  is  not  so  white.  Its  density 
is  about  21-5,  and  it  is  both  malleable  and  ductile,  purlicularly 
the  latter.  It  is  not  melted  by  any  furnace-heat,  nor  acted  on  by 
air  and  heat  together;  hence  its  extreme  utility  to  the  chemist. 
When  ignited  with  caustic  alcalies,  however,  it  is  oxidized  and 
corroded;  and  care  should  be  taken  never  to  heat  any  metal  in 
vessels  of  platinum,  as  it  readily  forms  alloys,  and  is  much  injured 
in  consequence.  The  proper  solvent  of  platinum  ia  chlorine  or 
aqua  regia,  but  it  dissolves  less  easily  than  gold. 

One  of  the  most  important  properties  of  platinum  is  its  power 
of  causing  gases  to  enter  into  combination.  When  a  current  of 
hydrogen  gas  fiills  on  spongy  platinum  or  platinum  powder  in  the 
air,  oombination  between  bydrogen  and  oxygen  takes  place  at  the 
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mrface  of  the  platinum,  and  the  heat  developed  is  sufficient  to 
make  the  metal  red-hot.  The  red-hot  metal,  then  acUng  like  any 
other  red-hot  body,  sets  iire  to  the  hydrogen.  This  power  is 
present  even  in  solid  polished  platiDum  ;  for  if  a  perfectly  clean 
plate  of  platinum  be  introduced  into  a  mixture  of  oxygen  and 
nydrogcn,  it  will  cause  them  to  combine,  and  may,  by  becoming 
red-hot,  even  produce  explosion.  But  the  power  is  seen  in  great' 
est  perfection  in  the  black  powder  of  platinum  ;  and  Dubereiner 
has  shown  that  this  powder  contains  within  its  pores  about  SSO 
times  its  volume  of  oxygen,  which,  as  the  porea  do  not  exceed  -^ 
of  the  powder,  must  occupy  no  more  than  y^^  of  its  bulk  as  gas, 
and  must  be  denser  than  water.  This  explains  the  action  on 
bydrogen.  In  the  case  of  the  polished  metal  it  is  supposed  that 
the  particles  of  the  gases,  which  repel  each  other,  are  attracted  by 
the  metal,  and  consequently,  on  its  surface,  come  within  the  sphere 
of  affinity.  The  powder  of  platinum,  by  virtue  of  the  oxygen  in 
its  pores,  rapidly  oxidises  the  vapor  of  alcohol  into  aceLo  acid,  <bc. ; 
and  the  smallest  portion  of  this  powder  introduced  into  a  mixtUTe 
of  oxygen  and  hydrogen  causes  instantaneous  explosion. 

OXIDEa   or  PLATIMUU. 

Platinum  appears  to  form  a  green  protoxide,  Pt  0,  and  a  nut- 
colored  binozide,  Pt  Oi ,  which,  when  anhydrons,  is  nearly  black : 
but  these  compounds  are  even  more  prone  to  change  than  the 
oxides  of  gold,  and  the  bmoxide  is  hardly  to  be  obtained  pure, 
owing  to  its  tendency  to  combine  with  the  ijcaliea  used  to  predpi- 
tale  it.     Both  oxides  are  prepared  from  the  chlorides. 

PLATIIIOM  ADD   CBLORIXE. 

a.  Protochloride  of  Platinum.  Pt  Cl=  134-31. 
Prepared  by  healing  the  bichlcnide  to  4&0°,  when  the  proto- 
chloriae  is  left  as  a  greenish-gray  insoluble  powder  This 
chloride  enters  into  ctHnbioalion  with  ammonia,  and  the  compound, 
under  certain  circumstances,  g^res  rise  lo  several  very  remarkable 
organic  or  quasi-organic  baSes,  of  which  platinum  is  an  elemenL 

b.  Bichloride  of  Platinum. 

This,  the  usual  aolable  salt  of  platinum,  i*  best  made  by  dia- 
aoWing  roongy  platinum  in  aqua  regia,  and  gently  eraporatmg  to 
the  consistence  of  syrup,  when,  on  cooling,  the  whole  forms  a 

Setalline  brownish -yellow  mass,  very  soluble  in  water.  The 
ulion  of  platinum  is  characterized  by  yielding  metallic  platinum 
as  a  black  powder  when  acted  on  by  iine  and  diluted  Bulpburic 
acid  ;  and  by  giving  with  salts  of  pc^h  and  of  ammonia  a  spar- 
ingly soluble  yellow  double  chloride,  which  is  also  reduced  by  situ 
and  sulphnrio  aeid. 


8S0  uuDimi-  —  oSMimi. 

The  iodidci  and  salphidea  of  platinum  ccn-Mpond  ia  compooitioii 
to  the  chlorides,  but  are  of  no  practical  interest.  The  iodideB  arc 
very  dark-colored,  so  Uiat  the  addition  of  iodide  of  potaaeiom  to  a 
■otutioa  of  platinum  produces  a  very  intense  reddisb-brown  colci', 
gradually  becoming  nearly  black. 

63.  iRimDM.    Ir  =  9884. 

This  is  one  of  the  metals  which  accompuiiea  platinnm.  It 
occurs  combined  with  osmium,  alloyed  with  a  large  proportion  of 
platinum,  and  occasionally  nearly  pure,  but  atili  containing  plati- 
num. Specimens  have  been  found  of  Sp.  O.  23  to  26,  indicating 
that  indium  is  the  heaviest  of  all  metals.  It  ia  alao  th«  most 
infusible,  the  hardest,  and  that  which  resists  best  the  action  of 
acids. 

These  latter  properties  would  render  it  most  valnable  if  it 
eonld  be  wrought,  out  as  yet  it  has  proved  refractory.  It  ia 
remarkably  an^ogoos  to  platinum,  from  which  it  chiefly  differs  in 
the  darker  color  of  its  chloride,  and  of  the  double  chlorides  which 
it  forms  with  potassium  and  ammonium.  The  latter  occurs  in  verr 
dark-red  octahedral  crystals,  nearly  black,  which,  when  heatea, 
leave  metallic  iridium,  very  similar  to  spongy  platinum,  and  acting 
in  the  same  way  on  hydrogen. 

Iridium  forms  4.oxidea  and  4  chlorides,  which  are  little  known, 
They  have  different  colors :  bence  the  name  iridium,  from  iris,  the 
rainbow.  The  ozidea  are  IrO,  In  Oa,  IrOj,  and  IrOi,  and  the 
chlorides  correspond  to  them. 

68.  OaHitrM.    Os  =  09-73. 

This  metal  is  found  associated  with  indium,  constituting  a  small 
part  of  the  ore  of  platinum,  which  is  insoluble  in  aqua  regia. 
When  this  residue  is  acted  on  at  a  red-beat,  by  nitre,  both  the 
metals  are  oxidized,  and  the  mass  being  distilled  with  sulphuric 
mad,  yields  osmic  acid,  OsOt,  which  condenses  in  fusible  ciys- 
lala.  Prom  the  acid,  the  metal  may  be  obtained  by  the  action  of 
reducing  agents,  as  a  black  powder,  which  becomes  metallic  bj 
friction. 

Osmium  is  very  infusible,  and  when  it  has  twen  ignited  in  close 
vessels,  may  be  heated  in  ur  without  oxidation.  It  is  chiefly 
remarkable  fur  forming  with  oxygen  a  volatile  acid,  which  has  a 
pungent  smell,  like  that  of  chlorine,  and  is  very  poiaonoaa.  It 
forms,  allc^ther,  fi  oxides,  Os  0,  Oat  0*,  Oa  Oi,  6i  Oi,  and  Os 
0<  ;  4  chlorides,  and  4  anlphidea,  eoireaposuiing  to  the  4  fint 

Klaus  has  lately  dlseoTcred,  in  Ilia  rendne  of  platinum  ore, 
■long  with  iridimn  an4  oaninin,  a  oew  metal,  which  from  the  r«d 
oolor  of  ita  oomponnda,  h«  ealls  Bntheninm.  It  appears  to  be 
analogous  to  iridinm,  but  haa  hitherto  been  Uttls  examined. 
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64.  Palladium.    Pd  =  63-3. 

This  tn«ta1  is  aUo  one  of  tliosc  which  occur  in  snail  quantity  ia 
the  ore  of  platinam.  It  has  lately  been  found  rather  more  abun- 
dantly, alloyed  with  gold  and  silver.  When  the  ore  of  platinnm 
haa  been  dissolved,  and  the  solution  rendered  neutral  by  evapora- 
tion to  dryness  and  resolution  in  water,  a  solution  of  bicyanide  of 
mercury  causes  a  flocculent,  grayish-yellow  precipitate  of  cyanide 
of  palladium.  When  this  is  i^ited,  the  palladium  is  left.  It  is 
rather  more  fusible  than  platinum,  which  it  resembles  tn  color, 
hiatre,  and  malleability,  but  is  rather  harder.  Its  Sp.  G.  ia  1 1-3 
to  1 1'8.  From  its  not  tarnishing,  it  is  a  valuable  metal,  and  would 
be  applied  to  many  useful  purposes,  if  it  were  leas  scarce.  It  is 
chiefly  used  by  dentists  in  plates,  as  a  substitute  for  gold.  It  is 
dissolved  by  nitric  acid,  but  more  easily  by  aqua  regia. 

Palladium  forms  two  oxides  :  the  protoxide  Pd  0,  and  the  binox* 
ide,  Pd  Oa,  both  of  which  are  blacfc  when  anhydrous,  and  brown 
or  yellow  when  hydrated.  The  binoxide  forms  fine  red  salts, 
with  acids,  from  which  the  palladium  is  precipitnted,  as  metal,  by 
other  metals,  and  by  deoxidizing  agents  in  general. 

There  are  two  corresponding  chlorides,  a  black  protocbloride, 
Pd  CI,  and  n  dnrk  brown  bichloride,  Pd  Cli .  The  former  yields 
with  chloride  of  potassium  a  yellow  double  chloride,  the  latter  a 
red  one. 

The  prolosulphide  of  palladium,  Pd  8,  is  easily  formed  bv 

healing  the  metal  with  sulphur.     It  is  a  brittle  fusible  gray  solid. 

66.  BHODtCH.     R  =  63!i. 

This  metal  is  also  found,  in  small  proportion,  in  the  ore  of  plali* 
num.  It  is  separated  from  platinum,  when  both  are  in  the  state 
of  chloride,  by  adding  chloride  of  sodium,  with  which  both  the 
chlorides  form  double  salts,  of  which  the  platinum  salt  is  soluble, 
the  rhodium  salt  insoluble,  in  alcohol.  When  purified,  the  rho- 
dium salt  is  dissolved  in  water,  and  the  rhodium  precipitated  by 
metallic  zinc.  It  appears  as  a  black  powder,  which  may  be  fused 
in  «  powerful  wind  furnace,  and  ia  then  while  and  metnliic,  very 
hard,  brittle,  and  of  Sp.  O.  II. 

Rhodium  is  hardly  dissolved  by  any  acids,  unless  when  alloyed 
with  other  metals.  The  best  method  of  dissolving  it  is  to  fuse  it 
witli  bisulphate  of  potash,  when  it  forms  a  soluble  double  salt. 
Rhodium,  from  its  great  hardness,  has  been  used  to  form  the  tipa 
of  metallic  pens,  which  are  said  to  last  wonderfully. 

It  forms  two  oxides ;  a  protoxide,  and  a  sesquioxide,  R>  Os  : 
and  probably  two  corresponding  chloridea.  The  solution  of  the 
■esquichlorida  is  of  a  fine  red  c<dor,  and  most  of  the  ult*  of 
rhodium  are  either  red  or  yellow. 

The  sulphide  of  rhodiun  is  blaidi-gr>f ,  metallic,  and  fiuible  at 
a  white-heaL 


'Die  i'iim|H>iinHjt  lA  mrUls  with  metal.i  ore  called  alloy*,  and 
tn'iny  of  Di'm  iirr  cxtrtmrly  a^^rul  nod  impurtuni.  The  allojrs 
iiitii    wlii''li    mi'fciiry   fnlcr!<,   ax   n   component   pitrt,   are   called 

V'nv.  Ki'lilir  ii  an  alloy  uf  twu  pnrta  of  lin  and  one  of  lead. 
It  iiii'lf"  lit  :ilili'.  Connie  solilRr,  wliirh  melts  at  500°,  coataios 
iim<  |>nrl  iif  (in  iinil  t)ir<-c<  of  lend.  Ilaril  solder,  for  copper  U  a 
c<>in)HiiiM(l  ti{  <'o|i|H'r  anil  sinr,  ihu  lall«r  metal  being  in  excess. 

IVwIi-r  ii  ooimioiii'd  uf  liii,  with  a  little  anlimony,  copper,  and 
bUmuLli ;  llic  itiu'riur  kinds  contain  a  j^tiud  dual  uf  lead. 

N«'wliiii'>i  fiHiblc  mi'tnl  is  ciimpused  uf  S  purto  of  bUmutli,  5  of 
li-sil.  niid  :i  of  lin.     It  mulls  buluw  212°. 

'I'yiK'  nii'liil  is  un  alloy  of  3  parts  of  lead,  and   1   of  nnlimony. 

llroiiKr  if  eiiin|Hm>d  of  about  00  parts  of  copper  to  10  of  tin  ; 
liell-nK'tnl  mill  ^>iig-inutal,  of  DO  parts  of  copper  to  20  of  tin. 
Rpi>ciiluni  luftal,  for  telescopes,  is  formed  uf  t  parts  of  copper  and 
I  iif  lin,  wiili  a  little  arsenic. 

1tr»«s  is  iin  alloy  of  copper  and  aino  ;  tlie  best  contuas  4  parts 
nf  eo|ipi<r  am)  1  of  ainc ;  and  when  tlie  proportion  of  tiuo  ia 
IncrpastHl,  we  havr  himbac,  Dutch  gold,  and  pinchbeck. 

I'utunnKui',  or  while  cottar,  as  ii  is  called  m  China,  or  German 
silver,  m  it  is  now  eatlwf  in  Kiirope.  is  an  alloy  of  copper,  sine, 
and  nickel ;  the  finer  kinds  eonlAininc  most  nickel. 

HIai'I  a|i]M>ars  lo  fomi  valuable  alloys  with  a  very  small  pro- 
Monion  of  some  other  metals.  With  a  little  silicon  and  aluminum. 
It  yield"  a  metal  equal  to  the  Indianwooii ;  and  with  small 
qnaniities  of  siUxr,  nlatinnm,  rhodium,  palladium,  and  even 
iridium  and  osmium,  alloys  of  prodigiovs  hardness  and  toughness 
are  obtained.  ^^^  part  of  silver  is  safBcieat  lo  effect  a  mailed 
impmvemeni. 

Standard  wlver.  and  tttandard  gold,  are  alloTa.  vith  frau  ^  to 
^  of  copper,  which  mach  increases  the  hardness  of  ibese  m^als 
Wilhoat  injuring  Iheir  enlor. 

An  amalgam  of  lin  is  aaed  for  silverii^  the  backs  of  mirrors  ; 
and  an  !imal)r»m  f*f  4  of  mer<'«ry.  2  of  bismaih.  ]  of  lead,  and  I 
of  lin.  ii  uwhI  for  silvering  itte  inside  nf  hollow  giants  globes. 

The  nmalgam  used  far  eKciiing  «lee<rical  machines  i»  formed  of 
I  psn  oi  tine.  I  of  lin.  and  C  of  aKTeary. 

lite  feskdener  of  mercary  to  eombiac  with  ffold  and  ailnr  ia 
msdc  uw  of  ineitraeting  these  wetals  fro«  Ikesr  on*.  An  aaaL- 
gam  <tf  I  pan  of  gold,  wd  S  of  m«.iuus,  is  aied  in  gilding  bran. 

It  if  probable  thai  the  beat  alloys' are  thoae  whieh  etm^m 
atomic  jiTMfNjrticnt  «f  their  iagwdieait :  bat  this  sabjecl  has  beea 
as  vet  little  stvdied.  Alton  are  always  More  faahte  than  tkar 
least  fasible  iagrcdsst,  mik  ther  m  Mwaoah-  harder  aad  man 
brittle  than   ttwir  elements,      "rtwy  i 


sometimes  less  dense  than  we  sfaoold  expect  from  the  dennties  of 
^le  combiaiDg  metals. 


The  salts  are  a  very  important  and  useful  class  of  compounds ; 
but  our  space  will  not  allow  us  to  describe  them  minotely,  and  we 
most  be  satisfied  with  a  few  general  remarks,  applicable  to  the 
whole  clftss,  and  willi  a  brief  statement  of  the  characters  which 
distinguish  Uie  separate  families  of  salts,  as  marked  by  the  acids 
they  contain.  We  have  already  given,  under  the  different  metals, 
the  characters  of  the  different  bases  in  their  salts.  Fortunately 
the  analogies  among  the  very  numerous  salta  are  so  strong  and 
well  marked,  that  here,  better  than  in  any  other  department, 
minute  details  may  be  omitted. 

When  the  term  salt  was  first  extended  beyond  sea-salt,  the 
original  type,  it  was  applied  to  sabstancea  having  similar  proper- 
ties, such  as  solubility,  neutrality,  and  saline  taste,  with  the  prop- 
erty  of  crystalliEing.     It  was  found,  after  a  time,  that  salts  were 

E reduced  by  the  combination  of  acids  with  alcalies,  or  at  least  by 
ringing  them  together ;  and  as  sea-salt  was  obtuned  when  soda 
and  muriadc  acid  were  mixed,  it  was  supposed  to  be  formed  of 
tbese  constituents,  just  as  sulphate  of  soda  was  supposed  to  consist 
of  Bulpbnrtc  acid  and  soda. 

But  when,  in  process  of  time,  it  came  to  be  known  that  sea-salt 
contained  neither  muriatic  acid  nor  soda,  it  was  found  necessary, 
since  it  was  impossible  to  deny  the  claim  of  sea-salt  to  rank  as  a 
salt,  to  admit  two  kinds  or  classes  of  neutral  salts,  one  formed  of 
an  oxygen  acid  and  an  oxygen  base  ;  the  other,  of  a  salt-radical 
and  a  metal.  Thus,  while  sulphate  of  soda  was  Na  O,  SO9,  sea- 
salt  was  Na  CI ;  the  former  corresponding  to  the  hydrated  add, 
H  0,  S  O3  ;  the  latter  to  the  hydrogen  acid  H  CI.  This,  indeed, 
is  the  view  which  has  for  many  years  prevailed. 

But  it  did  not  escape  the  sagacious  mind  of  Davy,  that, 
according  to  this  view,  we  give  two  different  explanations  of  phe- 
nomena almost  identical,  and  that  a  more  truly  philosophical  view 
might  be  taken. 

When  hydrated  sulphuric  acid  acts  on  soda,  we  have  two 
marked  phenomena :  these  are,  the  formation  of  a  neutral  salt  and 
the  separation  of  water.  This  is  represented  as  follows :  Na  O  •{• 
HO,  SO.  =HO-f  NaO,  8O3.  Now,  when  hydrochloric  add 
acts  on  soda,  we  observe  exactly  the  same  phenomena — the  for- 
mation of  a  neutral  salt,  and  the  separadon  of  water  ;  but  the 
explanation  is  now  different.     It  is  Na  0  -{-  H  CI  =  Na  CI  +  H  O. 

Davy  showed  that,  in  the  latter  case,  but  one  explanation  was 
possible  —  because  the  hydrogen  could  only  come  from  the  hydro- 
chloric acid,  and  the  oxygen  from  the  soda ;  and  he  proposed  so  to 
view  the  former  case  na  to  bring  it  tinder  the  same  explanation. 
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He  pointed  out  that  we  have  no  certainly  that  the  favdnted  sul- 
phuric ticid  really  contains  water :  nor  Ihe  eulptiate  of  »oda,  oxide 
of  sodium  ;  and  ihat,  instead  of  the  fonnula  H,  SOj,  we  might 
with  better  reason  adopt  the  formula.  H,  SO*  for  the  acid,  which 
would  thus  come  to  be  considered  a  hydrogen  acid,  differing  from 
hydrochloric  acid  only  in  containing  a  compound  radical,  SOt, 
instead  of  a  ample  one  Ci.  But,  in  the  first  place,  chlorine  may 
not  be  really  a  simple  body  ;  and  Bccondly,  if  it  wore  go,  wc  know 
that  compound  radicals  exist,  performing  rxaclly  the  part  which  ii 
here  ascribed  to  the  hjpoihetical  body  S  0*. 

Thus,  cyxinogen,  Cy  =  Ca  N,  with  hydrogen  forms  hydrocyanic 
scid,  H  Cy,  which  acta  on  bases  eiacdy  as  hydrochloric  acid  does, 

Jielding  a  neutral  salt  (a  cyanide)  and  water.     U  0  4-  H  Cy  = 
ICy  +  HO. 
Let  us  represent  SO*,  by  Su,  and  then  we  have  HSn  = 
faydrated  or  real  mlphnric  acid ;  and  when  it  acts  on  aoda,  Na  O 
+  H  Su  =  Na  Su  +  H  O.     We  have  then, 

Chlnrlna.  Cj-uocin.  SulpbnilD  Acid. 

Radical CI      ...     Cy  ....    Su 

Hydri^n  Acid  .    .    .    H  CI  .     .    .    H  Cy  .    .    .    H  Su 
NeutralSalt.     .     .    .    HCl  .     .     .    MCy.    .    .    HSu. 

In  this  form  we  see  that,  assuming  sulphuric  acid  to  be  a  hydro- 
gen acid,  the  whole  of  its  relations  admit  of  being  expressed  aa 
simply  OS  those  of  hydrochloric  acid.  These  two  acids,  and  all 
acids  analogous  to  either  of  them,  come  into  tho  same  category, 
and  the  same  is  true  of  their  salts,  all  of  which  are  conKJdered 
compounds  of  metals  with  radicals,  simple  or  compound.  In  this 
■imple  way  we  ^t  rid  of  the  absurdity  of  two  different  cxplana- 
tioaB  for  the  same  phenomena,  and  we  arrive  at  the  following 
general  definition  of  an  acid  and  of  a  salt : 

An  acid  is  the  hydrogen  compound  of  a  simple  or  compound 
radical,  possessing  Uie  power  of  neutralizing  bases ;  and  its  gen- 
eral fonnula  is  H  K. 

A  salt  is  the' compound  formed  by  replacing  the  hydrwen  of  an 
acid  by  a  metal ;  and  the  general  formnla  for  a  salt  is  MR. 

This  is  the  onlv  view  that  can  be  taken  in  the  case  of  the  acids 
and  salts  of  simple  radicals  ;  but  in  the  cose  of  compound  radicals, 
w«  have  already  seen  that  another  view  is  taken.  For  example, 
oil  of  vitriol  is  considered  to  be,  not  a  hydrogen  acid,  but  an 
oxygen  acid  united  to  water,  and  is  called  bydratea  sulphuric  acid, 
H0,SOs;  and  in  its  salts  the  water  is  supposed  to  be  replaced 
by  metallic  oxide,  M  0,  S  Oi. 

In  favor  of  this,  the  ordinary  view,  it  is  ui^ed  that  dry  sulphuric 
tad,  SOs,  exists,  and  that,  in  contact  with  water,  it  produces 
hTdraled  sulphuric  acid  ;  in  contact  with  bases,  sulphates.  That, 
although  oil  of  vitriol  may  be  viewed  as  H,  8O4,  this  view  is 
improbable,   because   the  body  80«,  the  supposed  radical,  is 


unlnown  in  a  separate  form,  and  that  many  ntidoabted  oxygen 
acids  exist  containing  do  hydrogen,  as  carbonic,  silicic,  phosphoric, 
and  chromic  acids. 

To  tliese  considerations  it  may  be  replied,  that  aUbough  the 
body  SOs  exists,  it  is  not  truly  an  acid,  and  does  not  acquire  acid 
properties  until  it  has  been  in  contact  nith  water,  and  combined 
with  it,  that  is,  with  hydrogen.  That  with  ammonia,  SOi  does 
not  form  sulpliate  of  ammonia,  but  sITentirely  difiercnt  compound. 
That,  nlthouirh  the  supposed  radical  SOt,  it  unknown  in  a  teptr 
rate  (brm,  the  same  oDJection  may  be  made  to  the  older  view  in 
the  case  of  nitric  acid  and  many  other  acids ;  for  strong  nitric  aai 
is  viewed  as  a  hydrate  of  dry  nitric  acid,  H  0,  N  0>,  while  dry 
nitric  acid  is  quite  unknown  in  a  separate  form.  That  those  oxygen 
acids  which  exist  without  hydrogen,  such  as  dry  sulphuric  acid, 
80i,  dry  phosphoric  acid,  P  Ot,  carbonic  acid,  COa,  ulicic  acid, 
SiOs,  and  chromic  acid,  CrOi,  either  have  no  acid  properties  tin 
water  is  added,  as  in  the  case  of  S  0]  and  P  0*,  or  possess  yeiT 
feeble  and  ill  marked  acid  properties,  as  id  the  case  of  carbonic 
and  silicic  acids,  which  cannot  neutralize  the  alcalics,  and  form 
with  them  an  almost  unlimited  number  of  compounds.  That  all 
those  oxygen  acids  which  possess  in  perfection  the  acid  character, 
such  as  oil  of  vitriol,  nitric  acid,  phosphoric  acid  in  its  active  stale, 
and  the  whole  of  the  organic  acids,  invariably  contain  hydrogen 
in  a  form  in  which  it  is  replaced  by  metals  in  the  salts,  or,  accord- 
ing to  the  older  view,  water,  which  in  the  salts  is  replaced  by 
metallic  oxide.  Now,  as  in  water,  H  0,  and  metallic  oxide,  M  0, 
the  oxygen  is  the  some,  it  is,  even  on  that  view,  bydrocen  whiafa 
is  replaced  by  metal  when  an  acid  is  converted  into  a  salt. 

It  may  be  added,  that  considerations  derived  from  the  phe- 
nomena of  galvanic  decomposition  (Daniell),  from  the  heat  derel' 
oped  when  bodies  combine  to  form  salts  (  OraAam,  Andrtvu),  and 
from  the  molecular  or  atomic  volume  of  acids  and  salta  (£iyip), 
all  concur  to  render  it  probable  that  oxygen  acids  are  hydrogen 
compounds,  not  hydrates,  and  that  oxygen  salts  contain  a  metal 
united  to  a  radical,  and  not  an  oxide  united  to  a  dry  or  anhydrous 

On  the  whole,  therefore,  the  simpler  view,  and  that  which 
admits  of  but  one  kind  of  acids  and  one  kind  of  Balte,  is,  in  the 
present  state  of  our  knowledge,  to  be  preferred  ;  but  we  shall  give 
the  formula  according  to  both  views,  since  we  ought  to  be  equally 
familiar  with  both. 

Snce  salts  are  formed  from  acids  by  the  replacement  of  the 
hydrogen  of  the  acid  by  a  metal,  and  since  acids  exist  containing 
more  than  one  eqaivoJent  of  hydrogen  (or  of  water)  replaceable 
by  metals  (or  metallic  oxides),  it  is  advisable  to  class  the  salts 
according  to  the  acids  from  which  they  are  derived,  whether  mono* 
basic  or  poly  basic. 


SALTS    or    HONOBABIO   OXTOKK   ACIDS. 

Uonobssic  acids  are  those  of  which  an  equivnlent  fonns  a  neu- 
tral sail  with  I  eq.  of  base.  The  general  formula  of  a  monobasic 
acid,  considered  as  a  hydrogen  acid,  is  HR,  and  its  acUon  on  a 
protoiide  is  as  follows  :  HE  +  MO^HO  +  MBisotbatHR 
IS  the  general  formula  for  a  moDobauc  salt.  R  stands  hero  for  the 
radical,  which  wilh  hydrogen  forms  the  acid. 

On  the  other  view,  a  monobasic  oxygen  acid  is  a  hydrate  con- 
iKoing  1  eq.  of  water  and  1  eq.  of  dry  or  anhydrous  acid,  and  the 
general  formula  is  H  0,  R  Oi ;  R  standing  here  for  the  combusd- 
bl*  dement  of  any  oxygen  acid,  which  may  be  united  with  2,  3, 
or  more  eq.  of  oxygen  in  the  anhydrous  acid.  The  action  of  such 
an  add  on  a  base  is  as  follows :  H  0,  R  0.  +  M  0  =  M  0,  R  Oi 
-}.  H  O ;  BO  that,  on  this  view,  the  general  formula  for  a  monobasic 
Bcntral  salt  is  U  O,  R  Oi . 

The  most  important  monobasic  oxysen  acids,  of  inorganic 
natnre,  are  the  following  :  sulphuric,  sulf^uroua,  nitric,  hypoublo- 
rous,  chloric,  perchlonc,  iodic,  phosphoric,  arsenic,  arsenious, 
chromic,  boracie,  silicic,  and  carbonic  acids,  the  salts  of  which  are 
now  to  be  very  briefly  described.  The  salts  formed  by  the  mono- 
basic hydrt^n  acids  with  simple  radicals  have  been  already 
described,  under  the  respective  metals,  as  chlorides,  bromides, 
iodides,  fluorides,  sulphides,  dec. 

auIJ>HATKS. 

General  formula  of  neutral  sulphates:  M,  SO*,  or  MO,SOs. 
General  formula  of  bisulphatea:  M,  SOt+H.SO*;  or  MO, 
SOs.  +  HO.SOj. 

Of  the  sulphates,  some  are  found  native  ;  some  are  very  soluble, 
some  sparingly  soluble,  some  insoinbte.  All  the  soluble  sulphates 
are  recognized  in  solution  by  the  test  of  nitrate  of  baryta,  which 
causes  a  white  precipitate  of  sulphate  of  baryta,  insoluble  in  acids. 
All  the  insoluble  .sulphates,  when  fused  with  carbonate  of  soda, 
yield  sulphate  of  soda,  which  ma^  be  recogniied  as  above ;  or, 
when  heated  with  charcoal,  they  yield  sulphides,  which  are  easily 
known  by  their  blackening  the  salts  of  lead.  The  action  of  char- 
«ob1od  a  sulphate  is  thus  represented:  MO,  SOi,-{-  Ci,  =x  4C0 
+  MS;  orM,SO.+  C.=  4C04-MS. 

The  sulphates  of  the  weaker  bases  are  decomposed  by  a  white- 
heat,  but  tlioae  of  the  stronger  bases  are  not  altered. 

Some  neutral  sulphates  exist  in  the  anhydrous  state,  M0,80i, 
or  U,  S  Of  Others  occur  combined  with  1  eq.  of  what  Graham 
calls  constitutional  water,  requiring  a  red-heat  for  its  expulsion, 
and  capable  of  replacement  by  another  neutral  sulphate ;  and 
many  occur  with  several  equivaientt  of  water  of  crystallisation. 

Sulphate  of  potash  crystallises  in  six-nded  prisms  and  pyramids 
which  are  anhydrous.     Its  formula  is  K  0,  SO»,  or  K,  8O4. 
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BiBVlphate  of  potash  crystalliies  in  fine  needles,  the  formula  of 
which  i8(K0,S0j  -[-H  6,  8  0o);  or  K,  SOi  +H,  80.).  It  is 
a  very  acid  salt,  and  is  much  used  as  a  flux  in  mineral  analysis. 

Sulphate  of  soda,  or  Glauber's  salt,  forms  lurge  prisms,  the 
formula  of  which  is  NaO,  SOi+ 10  aq.  ;  or,  Na.  S  O. -|- 10  aq. 
It  is  used  as  a  laxative  ;  and  from  this  salt  in  its  anhydrous  state, 
(prepared  from  sea-salt  by  the  action  of  oil  of  vitriol,)  carbonate 
of  soda  is  manufacLured  by  heating  it  wilb  charcoal  in  a  reterber- 
atory  furnace. 

Sulphate  of  ammonia (N  H> ,  H  O,  S Os ).  or  N  H< ,  SO. ),  crys- 
tallizes in  Che  same  fonn  as  sulphate  of  potash.  With  water  of 
crystalliEation  it  forms  crystals  of  a  totally  different  faiib,  N  H« ,  0 
+  S0,  +aq.  .       -     -.. 

Sulphate  of  baryta,  or  heavy  spar,  occurs  native  in  large  tabnly 
and  also  prismatic  crystals.     It  is  remarkable  for  its  insolubility  iil 
water  and  acids.     It  is  decomposed  by  ignition  with  charcoal,^ 
yielding  sulphide  of  barium,  from  which  all  the  other  componnds^ 
of  barium  may  be  obtained.     It  is  anhydrous,  and  its  formula  is   * 
BaO.SOi.or  Ba.SO,. 

Sulphate  of  strontia,  or  celestiae,  also  occurs  native  and  is  very 
analogous  to  the  preceding.  It  serves,  when  decomposed  by  igm- 
tion  with  charcoal,  to  yield  all  the  compounds  of  strontium.  For- 
mula, SrO,  SO],  orSrSO.. 

Si^phate  of  lime.  This  salt  occurs  native  as  gypsum,  seleniCe, 
and  alabaster,  the  formula  of  which  is  (Ca  0,8  0.  +  HO) -f 
aq.;  or  (Ca,  SOt  -J-HO)+  aq.  In  the  minera]  anhydrite,  it  is 
anhydrous,  Ca  0,  S  Os,  or  Ca,  S  0.  When  heated  to  270°,  gyp- 
sum loses  both  its  constitutional  water  and  its  water  of  crystalliza- 
tion, and  falls  to  a  fine  powder  which  is  plaster  of  Paris ;  and 
which  when  mixed  with  water,  combiner  with  it  again,  forming  a 
solid  compound  or  setting,  as  it  is  called.  Hence  its  use  in  mould- 
ing. Qjpsum  is  also  a  Ycry  valuable  manure.  It  is  sparingly 
soluble  in  water,  but  its  solution  is  precipitated  copiously  by  salts 
of  baryta.  «.  ^ 

Sulphate  of  magnesia,  or  Epsom  salts,  occurs  in  some  springs,       _ 
and  is  easily  made  by  dissolving  carbonate  of  magnesia  in  suiphurio 
acid.     It  is  very  soluble,  and  crystallizes  readily  in  four-sided 
prisms,  the  formula  of  which  is  (MgO,  SOa -f  H  0)  +  6  aq.) 
It  is  much  used  as  a  laxative. 

Sulphate  of  alumina  does  not  crystallize,  hut  it  enters  into  the 
composition  of  crystal lizahle  double  salta,  called  alums.  Ita  for- 
mula b  Ah  Oi,38  0i,or  AU,3S0.. 

A  subsulphale,  or  trisulpliate  of  alumina,  occurs  native  as  the 
mineral  aluminite.     Formula,  Al>  Oi,  S  Oi  4*  ^• 

Sulphate  of  manganese  forms  pale  pink  or  colorless  crystals,  of 
the  formula  (Mn  O,  S  Oj  +  H  0)  +  4  aq.;  or,  (Mn,  8 O.  +  H  0) 
-f-4aq. 
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Snlpbntc  of  iron,  (protoxide)  or  green  ritrio).  This  well-known 
■alt  fonns  pnle  green  oblique  prisms.  Formula,  (FeO,SOj+ 
H  0)+  5  iiq.;  or  (Fe  S  0.  -f-  H  0)+  5  aq.  It  is  used  in  themanu- 
fiicture  of  fuming  sulpliuric  acid,  hence  called  oil  of  vitnol ;  in 
making  ink  ;  nnd  very  extensively  in  dyeing,  and  calico-printing. 
It  is  also  mucli  used  in  medicine. 

Sulphate  of  the  peroxide  of  iron  does  not  crystallixe,  but  forms 
crystulliznblc  double  salt?.  Formula,  FciOi.rtSOj;  or  Fei, 
8  SO.. 

Sulphate  of  zinc,  or  white  vitriol,  forms  crystals  exactly  similar 
to  those  of  sulphate  of  magnesiH.  Formuk.  (Zn,  SOj.  +  H  0) 
+  6  aq. ;  (Rn,  8  0*  +  H  0)  +  C  aq.  It  is  much  used  in  sursery, 
and  ir'formed  when  sine  is  dissolved  In  diluted  sulphuric  acid. 
•  Sulphate  of  nickel  forma  emerald-green  crystals  of  the  same 
.fenn  aa  the  preceding.  Formula,  (Ni  O.SOj  +  HO) +  6  oq. ; 
,  or  VnI,  S  O.  +  H  0)  +  6  aq. 

Sulphate  of  cobalt  forms  rose-red  crystals  of  the  same  form  as 

reea  vitriol.  Formula,  Co  O,  SOj  +  H  0)  +  fi  aq- ;  or  Co, 
0«  +  H01  +  Sag. 

Sulphate  of  chromium  does  not  crystallize,  but  forms  crystalliza- 
ble  double  salts.     Formula,  Cr>  d,  SSOs;  or  Cri.SSO,. 

Sulphate  of  copper,  or  blue  vitriol,  forms  azure-blue  crjstals, 
exactly  of  the  same  form  of  (hose  of  the  sulphate  of  mang-anese. 
It»formulais(CuO,SOo+HO;+4aq.  ;  or,  (Cu,  S0.+ HO) 
-4'  4  aq.  With  excess  of  ammonia  it  forms  a  deep  vioIet-bluc  salt, 
the  ammoniuret  of  copper,  in  which  the  water  of  crystallization  of 
blue  vitriol,  or  part  of  it  appears  to  be  replaced  by  ammonia. 
Sulphate  of  copper  is  much  used  as  an  cscharotic  in  surgery. 

Sulphate  of   peroxide  of  mercury  is  formed  as  a  crystalline 

rder,  when  mercury  is  boiled  to  dryness  with  sulphuric  acid. 
formula  is  IlgO.,  2  SOs,  or  Hg,  28  0*.     It  is  used  in  the 
preparation  of  corrosive  sublimate  and  of  calomel. 

Sulphate  of  silver  forms  anhydrous  crystals,  having  the  same 
form  as  those  of  anhydrous  sulphate  of  eoda.  Formula,  Ag  0, 
80j,  orAg,8  04. 


Of  these  there  are  two  well  marked  groups.  The  type  of  the 
first  is  sulphate  of  magnesia,  and  potash  ;  the  type  of  the  second 
is  sulphate  of  alumina  and  potash,  or  alum. 

l.Vhe         ■  •    ■       -       ■    '         ■       '  ' 


When  sulphate  of  potash  and  sulphate  of  magnesia  age 
mixed  in  equivalent  proportions,  and  the  solution  evaporated, 
crystals  are  deposited  oi  a  well-marked  form,  the  formula  of 
whidi  is  (K0,80, +  Mg0,  a0,)  +  6aq.  ;  or  (K,  80.+ 
Ug,  SOt)  -|-  6  aq.  It  appears  to  have  been  formed  from  sul- 
phate of  magnesia,  by  the  substitution  of  K  O,  S  Os,  for  the  con- 
etitntional  H  0,  the  6  aq.  remaining  unchanged.     It  is  but  the  type 


of  a  large  group ;  for  similar  double  salts  may  be  formed  iritli 
sulphate  of  potasb,  and  the  sulphates  of  zinc,  nickel,  cobalt,  iron, 
copper,  and  mano^anese  ;  and  another  series,  of  exaclly  the  same 
form,  may  be  obtained  by  substituting  solphate  of  ammonia  for 
sulphate  of  potash  ;  ns,  for  example,  in  die  double  sulphate  of 
magnesia  and  ammonia  (NH,,  0.  S  Oj,  +  MgO,  SOn)  +  6  aq. 

S.  Common  alum,  the  type  of  the  second  group,  is  formed 
when  sulphate  of  potash  combines  with  snipbate'of  alamina,  and 
its  formula  is  (K  0,  SOa  +  Al.,  0.,3«0i) +  24nq  ;  or  (K, 
80»  +  AI»,3SO.)  +  84aq.  Now  thii  is  also  the  type  of  a  nu- 
merous group  ;  for  the  potash  may  be  replaced'  by  um  soda  Dr 
ammonia,  and  the  alumina  jpsj  be  replaced  by  the  aesquioiidea 
of  iron,  manganese,  and  chromium.  The  general  formula  of  this 
group  is  (MO.SOi  +m.  Os.S  SOi)  +  24  aq. ;  M  representing  • 
potassium,  sodium,  or  ammonium,  and  m,  aluminum,  irtj^maogan- 
ese,  or  chromium.  All  the  salts  of  this  group  which  are  cund^nms, 
crystallize  in  octahedrons,  and  contain  the  same  amount  of  Vater. 

When  we  consider  the  facts  above  no^ced,  the  circumstance  that 
the  sulphates  of  copper  and  manganese,  with  4  eq.  of  water  of 
crystallisation,  tho.>!c  of  iron  and  cobalt,  with  5  cq.,  and  those  of 
magnesia,  zinc,  and  nickel,  with  6  eq.  respectively  crystallize  in 
the  same  forms,  different  for  each  group  ;  and  when  we  reflect  oa 
the  two  remarkable  groups  of  double  sulphates  just  described,  we 
cannot  avoid  the  conclusion,  that  similarity  of  constitution  is  one 
main  cause  of  similarity  of  crystalline  form  ;  and  this  constitutes 
the  doctrine  of  isomorphism,  as  at  present  understood  and  admit- 
ted. By  similarity  of  constitution  is  meant,  not  only  a  likeness  in 
the  nature  of  the  elements  present,  but  a  similar  arrangement  of 
those  elements. 

Thus,  incommonalum,  KO,  SO)  +  Ah  Oi.SSO.  +24  aq. ; 
and  in  ammonia,  iron,  alum.  Am  0,80a  +  Fe>  Os.3SOi  +  24 
aq.  ;  not  only  is  ammonium  (Am)  analogous  to  potaasiam,  uid 
iron  to  alumimim.  but  the  new  elements  occupy  the  same  position 
as  the  original  ones,  as  is  shown  by  the  formula. 

BVLPinTES. 

The  sulphites  are  recognized  by  their  giving  off  the  suffocating 
smell  of  sulphurous  acid  when  acted  on  by  a  stronger  acid.  They 
have  lately  been  studied  by  Muspratt,  who  has  found  that  a  very 
close  analogy  exists  between  tbe  sulphites  and  the  carbonatu. 


The  nitral«a  are  prepared  by  the  action  of  nitric  acid  on  bases, 
on  metals  or  on  carbonates.  Tbey  are  all  decomposed  by  a  red- 
heat,  and  they  all  deflagrate  with  red-hot  charcoal.  In  solution, 
they  are  best  recognised  by  adding  sulphuric  acid  and  warming, 
vhich  sets  free  the  nifaic  acid,  and  then  cautiously  addrog  solntioii 


[ 


Nn-RATES. 

of  green  viLrioI,  which  nt  iho  line  of  the  janctioo  of  the  two  liquids 
bcconiFS  binck  or  red.  Rcconiing  to  the  proportion  of  nitric  aciil, 
from  its  peculiar  Bclion  on  the  prolosalta  of  iron.  The  gene- 
ral formula  of  nilralcs  in  the  anhydrous  state  is  MO, NO >,  or 

e  of  potash,  nilre  or  saltpetre,  is  found  as  an  efflorescence 
3  sihI  in  hot  climates,  and  mny  be  fornied  artilicinlly  in  nitre 

The  essential  conditions  are  the  presence  of  a  fixed  base, 

partivularly  potash ;  snl  of  decaying  organic  matter,  or  some 
other  Bouroe  of  ammonia,  which  is  oxidized,  producing  nitric  aeid 
Mid  water ;  and  the  acid  then  unites  with  the  base.  Tue  ammonia 
K  Hi,  with  B  eq,  of  oxygen  from  tju  air,  gives  rise  to  nitric  acid 
and  water,  NO, -)-3H0,  or  H.SO. +2H0.  There  is  no 
reason  to  beheve  that  the  nitrogen  of  the  atmosphere  is  ever 
oiidized,  or  contributes  to  nitritication ;  and  the  minute  trace  of 
nitria,acid  sometimes  observed  in  the  rain  of  thunder-storms,  has 
in  all  probability  been  formed  from  the  ammonia  of  the  atmos- 
phere. 

Nitre  crystallizes  in  6-sided  prisms.  It  is  much  used  in  making 
gunpowder,  and  as  an  oxidizing  agent ;  al»o  in  the  maDUfMture 
of  nitric  add.     Formula,  KO,  N0<.  or  K,  N  0«. 

Nitrate  of  soda  is  formed  nreclsely  in  the  same  way,  where  soda 
is  the  base  present  in  the  soil,  and  occurs  in  immense  quantities  in 
some  parts  of  South  America.  It  crystallizes  in  rhombohcdrons. 
It  is  much  used  in  the  manufacture  of  i^ulphuric  and  nitric  acids, 
but  does  not  answer  for  gunpowder.  Formula,  NaO,NOi,or 
Na.  NO.. 

Both  nitre  and  nitrate  of  soda  are  used  as  manures :  and  it  is 
adil  uncertain  whether  the  acid  of  these  salts  contributes  to  the 
good  effect,  or  whether  they  act  by  the  bases  alone. 

Nitrate  of  ammonia  cr}'siaHi2es  in  prisms  like  those  of  nitrate  of 
potaeh.  It  is  used  in  the  preparation  of  the  protoxide  of  nitrogen 
or  laughing  gas.     Formula.  N  H*  0,  N  0.  or  N  H..  N  0.. 

Nitrate  of  baryta  crystallizes  in  octahedrons,  which  are  anhy- 
drous. It  is  much  used  as  a  (est,  and  when  ignited  yields  pure 
baryta.     Formula.  Ba  0,  N  O.i,  or  Ba,  N  Oa. 

Nitrate  of  strontia  forms  anhydrous  crystals,  isomorphous  with 
the  preceding  salt ;  but  it  also  occurs  in  large  prismat4C  crystals, 
(xwbuning  6  eq.  of  water.  It  ia  used  in  the  manufacture  of  red 
fire. 

Nitrate  of  lime  and  nitrate  of  magnesia  crystallize  with  difSculty, 
and  nre  extremely  deliquescent. 

Hitralc  of  copper  forms  deep  blue  crystals,  the  formula  of  which 
m  Cu  O.  N  0)  +  3  H  O,  or  Cu,  N  0(  +  3  II O.  There  is  also  a 
sabnitrale.  the  formula  of  which  is  H  0,  N  0.  -f  3  Cu  0  :  the 
former  salt  may  be  viewed  as  nitrate  of  copper  with  3  eq.  of  con- 
stitulional  water,  the  Inttfr  a.s  nitrate  of  water,  wilh  3  eq.  of  con- 
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■titntional  oxide  of  copper.     When  cither  a  ignited,  it  leaves  pure 
oride  of  copper,  well  adapted  for  orgnnic  analysis. 

^'iCrate  of  lead  crystallizes  in  oclahedruns,  and  is  ieoinorphous 
with  the  nitrates  of  baryta  and  strontia.  Formula,  Pb  O,  N  Os ,  or 
Pb.  NO.. 

Nitrtite  of  mercury  is  of  uncertain  i;oniposition  :  there  seem  to 
be  nitrates  both  of  protoxide  and  peroxide,  but  both  he 
tendency  to  form  liubsalls,  especially  in  contact  with  wati 
heated,  the  acid  is  driven  off,  and  perMlde  of  mercury 

Nitrate  of  silver,  or  lunar  oauatic,  is  very  much  used  a. 
rotic.  It  ii  made  by  diesolving  pure  ailver,  ur  the  oxide  formed 
from  the  chloride  (see  p.  S2£)  in  oitric  acid  and  evaporating,  when 
crystals  are  deposited,  which  are  fine  tables,  anhydrous,  and  fusi- 
ble at  426°,  when  tliey  may  be  run  into  a.  mould  so  as  to  yield  the 
sticks  of  caustic.  Formula.  AgO.NOj,  or  Ag.NO..  It  is  the 
chief  ingredient  of  indelible  ink.  Like  all  the  other  compounds 
of  Bilver,  it  is  blackened  by  light,  eBpeciftlly  when  in  contact  with 
organic  matter.     It  is  mucli  used  as  a  test  for  chlorine. 


.1 


^ily  distinguislied   from    i 
ed.     Their  general  formula 


It 


The  chlorates  are,  both  in  formula  and  properties,  very  analo- 
gous to  the  nitrates.     They  deflagrate  violently  with  combustible 

chlorides  when 
M,  CIO.. 

The  only  important  chIoral«  ia  chlorate  of  potash,  the  theory 
of  the  production  of  which  has  been  already  explained  (see  p.  94). 
It  forms  tabular  crystals,  of  a  pearly  lustre.  It  is  chiefly  used  as 
iirce  of  very  pure  oiygen  gas,  and  as  an  oxidizing 
Its  formula  is  KO.  CIO»,  or  K,  ClOo. 
rchlorateof  potash.  KO,  CIOi.orK,  ClOi.istheo 
perchloVate  of  interest.  It  is  so  sparingly  soluble  that  percbk 
acid  may  be  used  ns  n  test  for  potash.  It  deflagrates  wilh  com- 
bustible matter,  although  not  so  powerfully  aa  the  chlorate, 
HrpacHi.oKiTxa. 

These  salta  do  not,  in  themselves,  possess  much  importance, 
but  are  interesting  as  forming  part  of  the  bleaching  compounds 
of  lime  and  soda,  so  much  used  in  the  arts.  These  bleaching 
componnds,  as  explained  at  pp.  94  and  95,  are  formed  when 
chlorine  acts  on  an  alcali  or  aicaline  earth,  and  may  be  viewed 
either  as  composed  of  a  hypochlorite  and  a  chloride,  or  as  oxj- 
chloridea  of  the  metal.  According  to  the  former  view,  which  is 
the  more  probuble.  bleaching- powder  is  (CaO,  CIO)  +  Ca  CI. 
When  acted  on  by  an  acid,  the  whole  of  its  chlorine  is  set  lies, 
and  hence  its  enormous  bleaching  power  when  an  acid  ia  used : 
hence,  also,  its  want  of  bleaching  power,  unless  acid  ia  added. 


U4S  I0DATB8. PHOSPHATKS. 

Tbe  oriitm  of  sulfuric  ncM  h  us  follows :  (Ca  0,  CI  0  +  Gk  CI) 
+  2S0.  =8  (CftO,  SO.)  4-  Cli.  According  h>  tlie  UUer 
n«w,  bleaching  nowdcr  it  On  0  CI,  ho  oxychloride,  and  ihe  aelion 
tJ  fulphurir  ndd  is  Ca  0  CI  +  S  Os  =  Ca  0.  S  Oj  +  CI. 

Chloridv  of  sudn,  h  perfectly  nnnlogous  compound,  is  either 
NftO,  CIO  +  NaCI.  orNtiOCIi  and  its  action  with  sulphuric 
•ad  is  eiplnined  exactly  ns  aboTe. 


These  saltH  ure,  in  general,  analogous  to  the  chlorates,  but  are 
of  little  pracdcitl  importnncc.  Tli«  (general  formula  for  an  ii>dnt« 
b  H  O,  1 0>,  or  M,  1 0*.  When  heated  to  redness,  oxygen  is 
given  off,  and  an  iodide  nimains. 

<.  The  brotnatea  tn  quite  nnalogoun  to  the  chlorates.     Oeneral 
Amula,  MO,  BrO.,orM,  BrO.. 

PII09PH4TKS. 

There  are  threv  distinct  modifications  of  phosphoric  acid,  ench 
of  which  forms  its  own  salts.  Indeed,  were  it  not  that  these 
adds,  under  certain  circumstances,  may  be  mude  to  pass  into  each 
Other,  we  should  never  think  of  describing  them  otherwise  than 
aa  totally  distinct  acids.  The  three  acids  nre,  monobasic,  bihasic, 
and  tribasic  phosphoric  acids. 

The  so-called  anhvdrous  phosphoric  arid,  formed  by  burning 
phosphorous  in  dry  sir  or  oxygen,  is  not,  strictly  speaking,  an  acid, 
uid  does  not  acquire  acid  properties  till  it  lias  taken  up  the  ele- 
ments of  at  least  1  eq.  of  water,  when  it  becomes  monobasic 
phosphoric  acid. 

According  to  the  usual  riew,  the  three  acids  are  P0«,  HO, 
P0(,2H0,  and  FOi,  3H0,  thus  containing,  all  of  them,  an- 
hydrous acid  united  with  different  proportions  of  water.  Now 
uis  is  quit«  conceivable,  and  we  actually  possess  three  distinct 
hydrates  of  sulphuric  acid,  SOi,  HO:  SOi,  SHO;  andSOi, 
3H0.  But  we  find,  further,  that  the  acid  P0>,  HO  requires 
bat  1  eq.  of  base,  to  form  a  neutral  salt,  while  the  acid  P0>, 
SHO  requires  2  eq.;  and  the  acid  POi,  3 HO,  3  cq.  of  base  to 
form  neutral  salts.  In  the  cose  of  sulphuric  acid  tbe  same  phe- 
nomenon does  not  occur,  for  all  the  hydrates  arc  neutraliaea  by 
1  eq.  of  base,  yteldins  the  same  aalt,  and  not,  as  the  phoapboric 
Roida  do,  difier«nt  uMm,  What  u  the  cause  of  this  diSiirence  ? 
It  ia  not  enough  toaay  that  the  dry  acid,  POi,  being  in  thamono- 
bauo  tarn  combined  with  1  eq.  of  water,  has  a  tendency  to  take 
1  eq.  of  base,  and  so  on ;  for  this  is  merely  restating  the  fact  in 
gdier  words ;  and,  besides,  no  such  tendency  is  observed  in  snl- 
pbniie  wai  sad  in  many  other  acids. 

It  appears  to  me  that  the  only  eatislactory  answer  to  the  qoca- 
tfoa  ii  the  fi»llo«mg.    The  three  acids  are  all  diatiaet  aoda,  aad 
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none  of  them  contiuns  anhydrous  phosphoric  acid,  lliey  are  all 
hydro^n  acids ;  and  their  respective  formulee  are  P  Oa,  H ; 
POi,  Hi;  and  POi,  Hi.  I4ow  as  every  hydrogen  nsid  formi 
a  neutral,  salt  by  the  subsdtutioa  of  a  metal  for  the  hydrogen, 
these  acids,  if  Ihey  exist,  must  require  respectively,  1,  2  and  3  eq. 
of  haae  to  neutraliae  them,  and  must  of  course,  produce  totally 
distinct  satta:  according  to  the  equations,  POi.H  +  MOaa 
PO..  M  +  HO;  POt,  H  +  2MO  =  P07,  Ml  +  2  H  0  ;  and 
Pi  Oi.  Hi  +  3M  0  =  P  Oi,  Ml  +  3H0. 


!    PBOBPBATta. 

According  to  the  above  views,  therefore,  the  general  fonnala 
for  a  monobasic  phosphate  is  POi,  M,  orPOi,  mO.  Monobasio 
phosphate  of  soda,  POt,  Na.orPOi,  NnO,  is  obttuned  by  hei^ 
ing  the  acid  tribasic  phosphate  of  soda  to  redness,  when  tt  loses 
S  eq.  of  water,  and  monobasic  phosphate  is  left.  It  is  soluble  hut 
not  crystallizable,  and  gives,  with  chloride  of  barium,  a  balky 
preeipitaEe,  which  is  Pd>,  Ba,  or  P  Os,  BaO  ;  and  wigi  nitrate 
of  aifver,  a  flaky  white  precipitate,  which  is  P04,A^orPOi, 
AgO. 

BIBABIC    PHOSPHlTia. 

Of  these  there  are  two  aeries,  as  one  of  the  t  eq.  of  baae 
may  be  basic  water,  or  both  may  be  fixed  base.  The  general 
formulfe  for  the  two  series  are  POt,  Mi.orPO,  2H0;    and 

POt  jyorPOi  j  y  Q-  Bibasic  phosphate  of  soda,  POT.Nai, 
or  P  0(,  2  Nu  0,  is  obtained  by  exposing  to  a  red-heat  corooKRi 
tribasic  phosphate  of  soda,  which  k^m  1  eq.  of  water,  and  ia 
converted  into  the  new  aalt.  It  ia  wdvble  and  crystalliiable, 
and  gives,  with  nitoate  of  silver,  a  gnuinlar  white  preeipitato, 
which  iaPOi.Agi.orPOi,  S  AgO.  When  th«  acid  tribano 
phosphate  of  soda  ia  heated  to  400°,  U  loses  1  eq.  of  water,  and 

leaves  the  acid  bibawc  phosphate,  POt  ]5  orPOi  j5  ^ 

TRIBABIO    PBOSPHATXB. 

Of  these,  which  are  the  mosfr  usaal  phoapjurtea,  there  are  tbre* 
seriM,  the  general  brmulee  for  which  are  m  fellows :  P  Oi,  Mi, 

orPb/.SMO:   PO.    jJJ     or  PO.    ff^o'*"'*^^'  jS' 

Common  phosphate  of  Soda  belongs  to  the  second  aeries :  it  ia 
P  0.  5^^^  or  POi  i^-9  Q  when  dry,  (o  which,  in  the  crystals, 
are  added  24  eq.  of  water  of  crystalliiatjra,  by  the  addition  of 
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ouulic  Boda,  it  is  converted  into  P  O;  Nai,  or  P  Oi,  3  Na  0  ; 
and  by  the  addition  of  phosporic  acid,  until  it  ceases  to  precipitate 
ebloride  of  barium,  it  is  converted  into  the  acid  tribano  salt, 

^°'  JNa"'^***  InbO  ^"-^  """"*  °^  "'*'*'■■  ^'"'"  ■*' 
these  salts  yields  a  lemoD-yelloiv  precipitate,  wliich  is  tribasic 
phosphate  of  silver,  POi,  Ag,  or  POj,  3  AgO. 

Microcosmio  salt,  much  used  as  a  blowpipe  re-agent,  ia  a  triba- 

(H  mo 

MO  phosphate,  P  Ot  JNa      +  8  aq.  or  P  O.   JNa  O  +  8  aq. 

(SH,  JNH.  O. 

NH4  herftrepresent  ammonium. 

Bone  phosphate  of  lime  ia  a  peculiar  compound,  (8CaO  +  3P 
0,+HO)=(PO.  jH_+j(po.,0..))io,PO.  \f°g 
+£  P  Oi ,  3  Ca  O),  and  m&j  be  viewed  as  a  compound  of  two  forms 
of  tribasic  phosphate  of  lime. 

The  double  pnosphate  of  ammonia  and  magneua,  which  occurs 
in  aoma  vfaury  calculi,  and  is  also  found  in  the  husk  of  min  and 
other  vegietable  products,  appears  to  be  an  anomalous  phosphate, 
containing  (PC*,  2MgO,  SNUi,  10 HO),  but  how  arranged  is 
not  known. 

This  salt  always  separates  as  a  B^arin^ly  soluble  or  insoluble 
granular  precijnUto,  when  phosphonc  acid,  ammonia,  and  mag- 
nesia meet  in  neutriU  or  alkaline  solutions,  and  therefore  its  fonna- 
(im  may  be  made  a  test,  either  of  the  presence  of  phosphoric 
acid,  or  of  that  of  magnesia. 

I  have  lately  (see  the  process  for  preparing  pure  phosphoric  acid 
from  bones,  page  128)  obtained  a  new  phosphate  of  magne^a. 
It  IB  quite  insoluble,  and  ha fimnnlab  3POi4-  2  MgO,  or, adopt- 
ing the  higher  atomia  w^gfat  for  phosphorus  (see  page  1S4),  3  P 
0,+  3MgO. 

This  is  a  most  remarkable  compoution.  because  it  is  quite  anom- 
alous, if  we  adopt  the  vievs  above  developed  on  the  constitution 
of  the  phosphates.  We  cannot  consider  it  as  a  monobasic,  a 
bibasic,  or  a  tribasic  phosphate. 

We  may,  it  b  true,  adopting  the  older  views  regardinf[  phoa- 
phoric  Kcia,  and  rejactinf  all  that  we  have  learned  concemi^  the 
three  modifieadoas  •(  Utat  ad^  view  it  as  an  acid  seaqniphoa- 
phate  of  magnedi.  B«t  it  is  easy  to  see  that  this  vinr  m  q«ite 
ureeoDcilable  witt  dwt  which  we  must  adopt  reganUng'  all  other 
known  phosphates.  It  u,  therefore,  possible,  not  to  say  probable, 
that  thia  salt,  being  formed  at  a  certain  temperatore,  may  contain 
m  bnrth  modifieatmi  of  phoaphorie  acid ;  which  will  be  Pi  0», 
*  H  0,  when  free,  and  the  salts  of  which  will  be  Pi  0><,  g  M  0,  or 

PiOu]„q'   This  pwnt  nquirea  fiiTtber  i 


Tbe  salla  of  ananic  acid  are  extremely  analogoaa  to  thoBe  of 
tribauc  phosphoric  acid  ;  indeed  they  are  bo  Bimilar  in  form,  color, 
solubility,  tea.,  that  to  disdneuish  the  arseniate  of  a  base  from  the 
corresponding  tribasic  phos^ate,  we  must  ascertain  tlie  presence 
of  arsenic. 

Tbe  only  ascertained  case  in  which  a  well-marked  difference  in 
external  properties  exists,  is  in  the  case  of  the  arseniate  of  silver, 
which,  instead  of  being  yellow,  like  the  correaponding  tribasic 
phosphate,  is  of  a  dark,  brick  red  color.  The  arseniates  are  iri- 
Duio,  and  their  general  formulfe  are.  As  Oi,  Mi;  or  AsO«i3  UO: 

A.O.J«_   „rA.O.  ^HO^.ndA,O.J«-«,A.O.  \^°; 
SeTeral  arseniates  are  found  native. 

OUBOUATXB. 

These  salts  are  yellow,  orange,  or  red,  the  latter  colw  predomi- 
nating when  tlic  acid  ia  in  eicess,  except  in  the  case  of  dllhtomate 
of  lead,  which  is  red.  The  soluble  cbromates  are  naogiaixi  by 
their  color,  which  is  changed  to  green  when  alcohol  and  hydro- 
chloric acid  arc  added,  and  the  mixture  is  boiled.  The  general 
formula  for  neutral  chromates  is  H  0,  Cr  Oa;  and  for  bichromates, 
MO,  SCrOa. 

Neutral  chromate  of  potash,  KO,  CrOj,  forms  beautiful  yellow 
crystals,  isomorphous  with  sulphate  of  potash.  It  is  fbrmsd  by 
neutralizing  the  bichromate  with  potash. 

Bichromate  of  potash,  £  0,  2  Cr  Oi,  is  much  ased  in  cftUco- 
printing,  and  is  obtuned  by  fusing  chromine  iron  ore  with  nitre. 
The  ore  contuns  sesquioxide  of  chromium,  Cri  Oi,  which  ii 
oudinad  by  the  nitre  into  chrcmiic  acid,  Cr>  0<  =  2  Cr  Oi,  and 
this  comhiaes  with  the  potash  of  the  nitre  to  form  neutral  chromata 
This  is  dissolved  and  filtered,  and  the  warm  solution  acidulated 
with  acetic  acid,  which  takes  half  the  potash,  and,  on  coding,  the 
bichromate  is  deposited  in  beautiiul  red  crystals. 

Both  these  salts,  especially  the  bichromate,  have  a  very  delete- 
lions  action  on  the  system,  when  their  solutions  are  brought  much 
ineoatact  with  the  skin,  csnaing  sores,  which  ara  very  painful  and 
diffiealt  to  heal.  Paper  impregnated  with  ^tam  aalts,  and  dried, 
forms  exotUent  tinder.  The  solutions  h^n  TOjr  powerful  anti- 
septic preperijes. 

Bichromate  of  lead,  2  Pb  0  -f-CrOi,  is  found  native,  as  the 
red  lead  ore,  forming  beantifiil  red  crystala.  It  may  also  be  formed 
by  fusing  the  neutral  chromate  of  l^d  with  nitrate  of  potash,  or 
by  boiling  carbonate  of  lead  with  chromate  of  potash ;  and  is  much 
used  as  a  paint. 

Chromate  of  lead,  PbO.  Cr  0>,  is  an  insoluble  powder,  of  a 
very  fine  yellow  colorpmueb  used  in  painting,  under  the  name  of 
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chrome  yellow.  It  is  formed  hy  the  action  of  soluble  salts  of  lead 
on  chromste,  or  bichromate  of  potAsh. 

Chromale  of  silver,  Ag  O,  CrOj,  forms  dark  green  crj'stalB, 
vbicb  are  red  by  transmitted  liebt,  and  yield  a  deep  red  powder. 
When  precipitated,  tbe  salt  is  of  a  rich  dark  red. 

Bicbroroate  of  silver  forms  crimsoD-red  tabalar  crystals  Ag  0, 
2  Cr  Oi.  Chromate  of  mercury,  Ag  0,  Cr  Oi,  is  a  light  red 
powder,  which,  when  ignited,  leaves  sesqoioiide  of  cbromium  of  a 
Tcry  fine  green  color. 

BORATKa. 

The  only  important  borate  is  borax,  which  is  a  biborot«  of  soda, 
KaO,  ZB  Oa  +  10  aq.  It  is  found  native  bot  very  impure,  in 
Thibet,  and  is  purified  in  Europe.  It  is  also  now  formed  by  add- 
ing soda  to  tlie  native  boracic  acid  obtiuned  from  hot  springs  in 
Tiucany,  Boracic  acid  is  so  feeble  an  acid  that  even  the  2  eq.  of 
it  in  borax  do  not  fully  neutralize  tic  soda,  so  that  borax  is  an 
alcaline  salt.  The  borate  of  soda,  with  1  eq.  of  acid,  Na  0,  B  Oa 
+  8  aq.(4B  a  strongly  alcaline  salt. 

Borax  is  much  used  as  a  flux,  on  account  of  its  ready  fusil»Iity, 
ud  its  high  solvent  power,  at  a  red-heat. 

OABBOHATBS. 

These  salts  are  rect^iied  by  their  being  decomposed  wilh 
effervescence,  the  gas  disengaged  baring  no  offenuve  smell,  when 
acted  on  by  acids.  All  the  st^uble  carbonates,  even  those  contain- 
ing 2  eq.  of  acid  to  1  of  base,  are  alcaline,  bo  that  the  title  of 
carbonic  acid  to  the  name  of  acid  is  doubtful. 

Carbonate  of  potash,  KO,  COj,  is  anhydrous,  deliquescent, 
not  crystallizable,  insoluble  in  alcohol.  It  is  obtained  pure  by 
igniting  cream  of  tartar,  and  lixiviating  the  reudue.  In  an  impure 
slate  it  cOBStilutes  pearlash  and  potashes,  which,  are,  as  the  name 
implies,  the  ashes  of  plants.  Carbonate  of  potash  is  much  used 
BB  a  flux  in  mineral  analysis,  and  for  the  preparation  of  caustic 
potash,  and  other  salts  of  potash  ;  also  in  tbe  manufacture  of  soap, 
and  of  glass. 

Bicarbonate  of  potash  K  0  C  Oi  +2  aq.,  is  obtained  by  expos* 
ing  a  strong  solution  of  the  carbonate  to  a  current  of  carbonio  aesd, 
or  to  the  atmosphere  of  a  fermenting  vat,  when  tbe  bicarbcMUle  is 
deposited  in  cryitak.  The  purest  carbonate  is  otatained  by 
igniUng  these  crystals. 

Carbonate  of  soda.  Na  0,  C  Oi  +  10  aq.,  forme  Tery  large 
rbomboidal  crystals,  which  effloresce  m  the  air.  It  was  formerly 
aztntcted  from  kelp  or  barilla,  which  is  the  ashes  of  matine  plants, 
but  it  is  now  made  from  soa-salt,  for  more  cheaply,  and  in  a  state 
of  perfect  purity.  The  salt,  Na  CI,  is  first  converted  into  sulphate 
of  aoda,  NaO,  SOj,  by  being  heated  with  oil  of  vitriol.  The  sul- 
phate of  soda  is  now  mixed  with  sawnlust  and  lime,  and  heated  in 
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/  furnace.  6t  this  raeaoi  the  ralphoric  mM,  u 
deeompoMd,  ila  anlphnr  p&rlly  UDitiDs  with  cBlcinm,  and  paHlj* 
eBcsping  u  sulphnrous  acid,  white  tne  c&rbonic  add  which  ja 
formed  nnitea  with  Boda.  The  carbonate  i«  purified  by  cryttaUua- 
tion,  but  generally  relaius  a  traoe  of  sulphuric  acid. 

Carbonate  of  aoda  is  very  much  used  m  the  making  of  soap  and 
glass,  being  bodi  much  cheaper  and  much  purer  ttian  ordinarj' 
potash.  It  is  also  much  employed  by  washerwomen  to  render  hard 
water  sod,  and  in  general  to  assist  in  washing,  at  it  is  powerfully 
detergenL 

Bicarbonate  of  soda,  Na  0,  2  C  Oi  +  atj.,  forms  a  while  pow- 
der, which  is  alcaline,  and  is  much  used  m  medicine  as  a  mild 
antacid,  and  as  one  of  the  ingredients  in  effervescing  or  Seidlits 

The  common  commercial  and  medicinal  carbonate  of  ammmia 
is  a  sesquicarbonate,  2NH3  +  2HO  +  3COi.  It  is  formed  by 
heating  a  mixture  of  2  parts  of  sal  ammoniac  and  3  of  dried  chalk, 
and  sublimes  as  a  bard  crystalline  volatile  mass,  havii^  a  strong 
smell  of  ammonia.  When  exposed  to  air,  it  loses  ammonia,  and 
falls  to  a  powder  of  bicarbonate:  NUt  0,  C  Oi -f-H  0,  C  Oi. 

Carbonate  ot  baryta  occurs  native,  as  witherite.  It  forms,  when 
artificially  prepared,  a  heavy  wlite  powder,  soluble  in  diluted 
hydrochloric  and  nitric  acids,  insoluble  m  water.  It  is  very  poison- 
ous.    Formula,  Ba  0,  COi. 

Carbonate  of  strontia  resembles  the  preceding.  It  occurs  native, 
as  stroDtianite,  in  radiated  crvatalline  masses  of  an  apple-gnen 
color.     It  is  not  poisonous.     Formula,  Sr  0,  C  0*. 

Carbonate  of  lime  occurs  native,  as  marble,  limestone,  chalk, 
and  calcareous  spar.  It  also  forms  the  chief  part  of  shdls,  and 
is  often  found  in  spring,  dissolved  by  an  excess  of  carbonic  acid. 
When  such  water,  which  is  very  hard  water,  is  braled,  the  excess 
of  carbonic  acid  escapes,  the  carbonate  of  lime  is  deposited,  and 
the  water  becomes,  pro  tatiio,  softer.     Or,  the  same  eflect  may  be 

Eroduced  by  adding  just  as  much  lime-water  as  will  neutralize  the 
icarbonate  of  lime,  when  the  whole  is  precipitated  as  neutral  car- 
bonate :  CaO,  2C0,  +CftO  =  2(CaO,  C0»). 

When  carbonate  of  lime  is  ignited  in  the  open  fire,  it  loses  all 
its  carbonic  acid  and  becomes  quick-lime.  Tne  uses  of  this  sub- 
stance arewell  known.  Formula  of  carbonate  of  lime,  CaO.COi. 
Carbonate  of  magnesia,  Mg  0,  C  Da ,  occurs  as  a  rock  in  the 
East  Indies.  When  a  solution  of  bicarbonate  is  exposed  to  the 
air,  crystals  are  deposited,  which  are  Mg  0,  C  Oi  +  3  sq.  Other 
crystals  have  been  obtained,  which  were  Mg,  O,  C  Os  -f-  5  aq. 
When  carbonate  of  potash  is  added  to  a  solution  of  sulphate  of  mag- 
nesia, a  predpitate  fslls,  which  contuns  4  Mg  O  -|-  3  0  Ot  -f-  4  aq. 
Carbonate  of  protoxide  of  iron  is  formed  when  an  alcaline  car- 
bonate is  added  to  a  solution  of  protosulphate  of  iron.     It  Uls  as 
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•  JIHt  whiw  bnlkr  precipiUte,  which  rajudlj  becomM  green,  and 
1ft«a  brown,  losing  carbonic  acid,  and  attraeting  oxygen,  till  it 
pwetii  into  brtlrated  peroxide  of  iron.  It  may  bo  preserved  as 
pKHocarbonate  by  railing  the  fresh  precipitate  while  atill  moist 
wkh  sugar,  and  (frying  it  in  the  water  bath.  In  this  stale  it  is  tbe 
«<tfbonas  fvrri  saecliarBlas,  and  is  a  rerj  actire  remedj.  Itocenrs 
is  cbalvbeate  waters,  dissolved  by  excess  of  carbonic  acid.  Form- 
•IfcVeO.  CO.  +  aq. 

There  are  two  native  carbojisles  of  copper :  the  dicnrbonat«, 
"t  Cu  0  +  C  Oi  H~  aq.  in  the  beautiful  green  mineral  called  mal- 
•cbile  :  and  the  cwbonate,  hydrated,  in  the  fine  blue  copper  ore, 
CttO.HO-|-8(CuO.C  0.1. 

Carbonate  of  lead,  Pb  0,  G  Oj ,  occurs  na^re  as  white  lead  spar. 
Prepared  artificially,  it  is  ceruse,  or  white  lead,  much  used  aa  a 
white  pigment.  It  ia  formed  by  the  slow  action  of  air,  moisture, 
and  the  vapor  of  acetic  acid  on  thin  sheets  of  lead,  by  which  the 
metal  is  oudiied  and  carbonated.  It  is  the  most  prasonous  of  all 
the  compounds  of  lead,  and  is  apt  to  be  formed  wnen  pure  water 

iaa  rain  water)  is  kept  in  leaden  ciateme  or  conveyed  in  leaden  pipe*. 
t  ia  Dot  formed,  however,  when  the  water  contains  even  a  email 
proportion  of  saline  matter,  especially  sulphates.  These  appear  to 
pTOteot  tbe  metal,  and  render  the  use  of  it  safe. 

SULPUDR    SALTS. 

Berzelius  has  shown  that  sulphides  unite  together,  and  produce 
what  he  calls  sulphur  salts.  The  sulphides  of  potassium,  sodium, 
and  tbe  stronglv  basic  metals  in  general,  act  the  part  of  bases ; 
and  the  sulphides  of  arsenic,  antimony,  molybdenum,  &c.,  take 
the  parts  of  acids.  Thus  sesquisulphide  of  arsenic  combines  with 
sntpiiide  of  potassium,  forming  the  arscnio- sulphide  of  potaasium, 
KS+AsSt,  which  corresponds  to  the  arseniCe  of  potash,  K  0  -|- 
Aa  Oi  ;  and  as  a  general  rule,  the  sulphur  salts  correspond  to 
oxygen  salts,  and  may  of  course  be  represented  in  two  ways  ;  as, 
if  we  make  the  arsenite  of  potash  K  -|-  As  Ot ,  the  sulphur  aalt 
will  be  K  -f- As  St.  The  sulphides  of  hydrogen  and  carbon  are 
•niphur  acids.  The  sulphur  salts,  as  yet,  are  not  of  much  practi- 
cal interest,  although  the  tendency  to  form  them  is  applied  to 
naaftil  purposes  in  analysis. 

Bellenium  and  tellunmn  form  similar  compotmds. 
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ORGANIC    CHEMISTRY. 


INTRODUCTOEY. 

Oboakio  Chkhibtbt  is  ao  called  because  it  treats  of  the  anb- 
BtoDcea  vhich  form  the  alrocture  of  organized  beings,  and  of  their 
products,  whether  aoimal  or  vegetable.  It  baa  long  been  known, 
that  all  organized  itmctoree,  as  well  as  all  the  Butotaneea  fonoed 
in  or  by  these,  are,  in  great  part,  composed  of  a  very  limited 
number  of  elements ;  insomuch  that  a  lar^  proportion  of  them 
may  he  described  aa  consisting,  almost  eiclnsively,  of  only  four  sim- 
ple Buhstances,  namely,  Carbon,  Hydrogen,  Oxygen,  and  Nitrwen. 

But  while  these  foar  elements  undoubtedly  constitnte  the  chief 
part  of  all  orgniMd  tissues,  and  while  snch  products  as  woody 
Gbre,  sugar,  starch,  gum,  &t,  oils,  and  many  organic  acids,  contaia 
only  the  first  three,  that  is,  carbon,  hydrogen,  and  oxygen,  we 
must  not  forget  that  other  elements  occur  in  the  oivanised  king> 
doms  of  nature  ;  some  of  Ibem,  such  as  those  of  Phosphate  of 
Lime,  in  large  quantity ;  and  s11,  whether  they  occur  in  smaller  w 
greater  proportion,  as  truly  essential  to  animal  and  vegetable  life, 
as  the  fottr  elements  above  mentioned,  the  predominance  of  which 
characterizes  the  organic  world. 

Thus,  no  plant  can  grtftt,  or  form  cells,  or  even  fibre,  without 
the  presence  of  certun  mineral  or  saline  compounds,  which  are 
derived  from  the  soil,  and  which  when  the  plant  ia  burned,  comi- 
tate its  ashes.  These  are,  potash,  soda,  lime,  magnesia,  with 
occasionally  oxides  q(  iron  and  manganese,  as  bases  ;  and  sitidc 
acid,  phosphoric  add,  tulphnric  acid,  chlorine,  fluorine,  and  iodine, 
as  acids  and  acid-radicali. 

Again,  the  joicea  of  all  plants,  and  more  especially  (heir  roota 
and  seeds,  cont^  aome  om  or  more  of  the  compounds  known  by 
the  names  of  albam<B,  flbiine,  and  caseine.  Now  these  compounib 
contain  small,  but  absdlltely  essential  proportions  of  snlphor  and 
phosphorus,  besides  earthy  and  alcalme  phosphates. 

Lully,  Uie  bones  of  animals  contain  not  only  phosphate  of  lime, 
but  also  phosphate  of  magnesia  and  fluoride  of  calcium,  both  in 
very  considerable  quantity  ;  and  iron  ia  an  unfailing  constituent  of 
blood. 

To  the  four  elements  first  mentioned,  aa  constitnling  the  chief 
naas  of  oigaiue  rabataaoea,  we  must  Iberefbre  add,  aa  no  leaa 
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enential,  ftlthough  for  the  most  part  m  nnaller  proportion,  the  fol- 
lowing metalloids  —  Chlorine,  Fluorine,  Sulphur,  Pbosphoms,  and 
fiticon  ;  and  the  following  metals  - —  Potnssiiim,  Sodium,  Cftlcium, 
Magnesium,  Iron,  and  occasionally  Manganese. 

It  thus  appears  that  the  fourteen  or  fifteen  elements  which  con- 
stitute the  chief  mass  of  t^e  mineral  or  inarganic  world,  are  almost 
the  same  which  occur  in  organized  matter  :  the  difference  being 
chiefly  this,  that  in  inorganic  nature  the  predominant  elements, 
nearly  in  the  order  of  their  abundance,  arc  Oxygen,  Hydrogen, 
Nitix^n,  ^licon,  Chlorine,  Sodium,  Aluminum,  Carbon,  and  Iron; 
after  which  follow  Potassium,  Calcium,  M^esium,  Sulphur,  Phos- 
pbonis,  and  Fluorine  :  while  in  the  organic  department  the  order 
u  nearly  ae  lollons —  Carbon,  Oiygen,  Hydrogen,  Nitrogen,  Fot- 
aasium,  Calcium,  Phosphorus,  Silicon,  Sulphur,  Sodium,  Magne- 
>ium.  Chlorine,  Iron,  and  Fluorine.  Aluminum,  so  very  abun- 
dant in  the  mineral  kingdom,  hardly  ever  occtirs  in  organic 
oomponnda,  and  when  it  does  occur,  is  perhaps  accidental. 

The  above  considerations  arc  sufficient  lo  show,  that  there  is  no 
euential  distinction  to  be  made  between  organic  and  inorganic 
chemistry,  founded  on  tlie  nature  of  the  elements  concerned. 

Neither  is  there  any  such  distinctJon  to  be  ftilttd  out  in  regard 
(o  tlie  laws  of  combination  and  decompositma  which  prevail  in 
these  different  departments  of  chemistry ;  for  we  find  the  same 
•fiinities  operating  ;  and  although  organized  tissues,  and  their 
prodnots,  have,  in  general,  a  more  colnplicated  constitution  than 
inorganic  compounds,  containing  a  larger  number  of  equivalents 
of  their  elements,  and  consequently  having  much  higher  atomic 
weights,  wc  cannot  consider  such  characters  as  formmg  a  vahd 
ground  of  distinction. 

But  while  we  should  find  it  very  diBcult,  if  not  impossible,  to 
draw  the  line  between  inorganic  and  organic  chemistry  on  scien- 
tific principles,  we  may  still  recognise  for  convenience'  sake,  a 
certain  distinction,  founded,  first,  on  the  origin  of  substances, 
whether  animal  and  vegetable,  or  mineral ;  ud  secondly,  on  the 
uniform  predominance  of  carbon  in  animal  mad  vegetable  matter. 

In  reference  to  the  first  point,  it  is  to  ba  observed,  that,  olthough 
the  elements  concerned  are  tiiose  CDmm(»  to  the  inorganic  and 
organic  kingdoms,  the  compounds  which  conalitnle  the  latter  are 
formed  under  peculiar  circumstances,  nah  m,  for  the  most  part, 
cannot  be  imitated  in  our  experiments. .  '.  •• 

It  is  true  that  chemistry  has  succeeded,  in  some  eases,  in  form- 
ing artificially  certain  compounds  which  oocnr  as  prodnula  of 
cyanic  life,  such  as  urea,  formic  acid,  and  oil  of  spifKa.  Bnl,  in 
the  first  place,  most,  if  not  all  of  these,  require  for  their  produc- 
tion the  aid  of  an  organic  product :  thus,  formic  acid  is  produced 
frotn  starch,  oil  of  B[Hr»a  from  salicine  ;  and  although  urea  may 
be  obtained  from  cyanic  acid  and  ammonia,  it  is  doubtful  if  either 
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cyanogen  or  ammonia  cairbe  obtained  except  from  organic  com- 
pounds, directly  or  indireetlj.  Secondly,  it  is  particularly  to  ^ 
noticed,  that  we  have  not  yet  succeeded  in  foming,  artifleiallT, 
either  an  organized  tissue,  or  even  any  one  of  the  eompouw 
(albnmen,  Ac.)  of  which  such  tissues  are  made.  Those  orannia 
compounds  which  have  been  artificially  formed,  are  invariably 
produett  ^  deccmpofUion,  or,  ia  other  words,  the  excretions  or 
secretions  of  organized  bodies ;  and  are  br  la*  complex  in  thtar 
ooDStitucion  than  organiied  stmctnrea. 

From  these  facts  we  draw  the  conclusion,  that  certain  circnm- 
atoncea,  of  which  the  moat  important  is  the  vital  /ore»,  to  modify 
the  play  of  affinities  in  organized  beings,  as  to  produce  the  com- 
pounds usually  termed  organic,  which,  so  lar  as  they  ore  capable 
of  entering  into  the  ccanposilion  of  tissues,  cannot  be  imitated 
by  art. 

In  regard  to  the  second  peculiarity  of  organic  componnda, 
namely,  the  predominance  of  carbon  in  their  composition,  we  ob- 
serve that,  as  this  carbon  is  united  to  the  three  gases,  oxygen, 
hydrogen,  and  nitn^en,  with  each  of  which  it  forms  gaseous  com-  ^ 
pounds,  and  as,  fiirther,  the  tatter  elements,  among  themselves, 
form  compouodi,  nich  as  water  and  ammonia,  which  are  also  vol- 
atile, BO  the  actioa  aC  heat  on  organic  compounds  is  characteristic  ; 
producing  comiuttiiM  of  all,  save  the  ashes,  when  there  is  free 
access  ot  air ;  and  cAarriH^  them,  or,  in  other  words,  causing  the 
separation  of  port  of  their  carbon,  in  close  restels,  while  the 
greater  port  is  diasipaled  in  the  form  of  volatile  products. 

Here,  then,  we  have  a  ready  test  of  organic  matter,  whiek  is  «o 
characteristic,  that  we  might  almost  define  oi^nic  chemistry  as 
the  chemiatrr  of  such  compounds  as  are  charred  when  heated  to 
redness  in  ckn  vessels.  Xhere  are  veiy  few  substances,  indeed, 
of  organic  origin,  which  do  not  exhibit  this  character. 

Organic  chemistry  has-  been  defined  as  the  chemistir  of  com- 
pound radicals;  but,  althSogh  we  must  admit  the  existence  of 
many  such  rodicaU  in  organic  chemistry,  we  cannot  adopt  this 
definition  in  contraoillinction  to  that  of  inorganic  chemistry,  as 
the  chemisby  vf  siatle  ndioals,  because  the  recent  progress  of 


science  has  Wi  or  ammt  compelled  us  to  admit  the  existence  of 
compound  radinaM  Bi  bemaio  c'  ^  ..  ,  -     i 

in  the  first  port  of  Oiie  woA. 


compound  radinaM  in  bemaio  chemistry,  aa  has  been  explained 


it  is,  perhaps,  woftt  ^tUte  to  point  out,  that  all  the  organic  com- 
pound radicals  hitherto  eatablished,  or  supposed  to  exist,  are  com- 
pounds of  carbon,  if  we  except  amidogen  (see  p.  8fi),  which 
conlwns  only  hydrogen  and  nitrogen. 

It  ia  also  proper  here  to  state,  that,  under  the  name  of  organic 
compounds,  many  substances  are  treated  of  which  do  not  occur  in 
nature,  but  which  have  b«en  obtuned  by  subjecting  true  organic 
producta  to  various  inflmnce* :  to  that,  for  example,  of  heat,  as  in 
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what  is  called  the  dcBtruclive  distillation,  which  yielda  such  sub- 
■tiuices  ns  nnphihs,  naphthaline,  &e. ;  or  to  the  nciion  of  clilarint 
or  bromine,  of  salpUuric  or  nicrii;  acids,  of  Hlcalicx,  &e.,  by  all 
virich  menna  whole  series  of  new  compounds  >ire  obtained.  Lastly, 
tome  very  iDtcrcsting-  and  important  eompounds  are  included  under 
the  term  organic,  which  arise  from  the  addition  of  elements  not 
nalnrallv  occnrnng  in  the  organic  kingdom  ;  as  for  example,  cnco- 
dyle  and  its  composnds,  which  contain  arsenic  as  an  essenUal  con- 
stituent ;  and  the  very  singular  bases  in  which  platinum  is  added 
to  some  of  the  usual  elements  of  organic  alcalies. 

But  while,  as  baa  just  been  stated,  compound  radicals  are  not 
ttxcliuirely  characteristic  of  organic  chemistry,  we  may  still  derive 
great  aasistance  from  attending  to  the  compound  radicals  of  orvanic 
chemistry.  For  while  we  admit  the  existence  of  such  radictds  in 
inorganic  chemistry,  along  with  simple  radicals,  wc  must  bear  in 
mind  that  all  the  organic  radicals  as  yet  discovered  are  compound, 
ud  many  of  them  exceedingly  complex,  containing  three  or  four 
elements. 
'  It  ia  true  that  we  are  not  yet  ocquunted  with  the  radicals  of  a 
very  large  proportion  of  organic  compounds  ;  such  as  the  princi- 
pal organic  acids,  the  organic  alcalies,  &c.  But  the  known  organic 
radicals  furnish  us  with  the  means  of  classifying  many  most  im- 
portant substances,  just  as  we  classify  the  compounds  of  any 
metalloid  or  of  any  metal  together.  As  to  those  groups  or  series 
of  raganic  compounds,  the  radicals  of  which  are  not  yet  known, 
we  can  only  class  them  according  to  analogies  of  properties,  of 
oomposiUon,  or  of  both. 

With  these  introductory  remarks,  we  shall  proceed  to  consider 
the  known  organic  compound  radicals,  and  their  derivatives. 

Compound  Oroakio  Badicalb. 

A  compound  radical  is  a  substance  which,  although  contaming 
two  or  more  elements,  enters  into  combination  with  elementary 
bodies  as  if  it  were  itself  elementary,  and  in  ordinary  circum- 
■taoces  performs  exactly  the  part  of  an  element. 

In  the  first  part  of  this  work,  we  have  already  admitted  as  pro- 
bable the  existence  of  inorganic  compound  nuJicala,  auch  as  S  O* , 
the  radical  of  sulphuric  acid,  and  N  Ot,  that  of  nitric  acid.  These 
bodies  are,  in  their  relations  to  others,  entiivly  analogous  to  chlo- 
rine. Thus  wc  may  represent  the  acida  of  uiese  three  radicals, 
with  their  potassium  and  silver  salts,  m  follows : 


Chlorine 
RadLcli       SO. 
MO. 

XM. 

I«_I»U.. 

SUnrBdL 

H  +  Cl 
H  +  BO. 
H  +  NO. 

K  +  CI 

K+SO. 

K+NOi 

Ag+Cl 

Aj+BO. 

Ak+NO« 
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The  compound  ioorguiia  radic«ls,  S0<  and  14  0*,  therefore, 
perform  ei&cUy  the  port  of  k  metallcud  of  the  CTOup  of  ehloriiM. 

Bat  there  have  also  been  briefly  mentiDned,  in  the  First  Put, 
certain  compound  organic  radicali,  which  not  only  exhibit,  in 
their  relations,  characters  analogous  to  those  of  chlorine,  bat  >«• 
tually  exist,  like  chlorine,  in  the  separate  slate,  which  ia  not  the 
case  vitb  SOt  and  NO*,  these  latter  being  only  known  in  com- 
Innation.  ■ 

The  organic  radicals  here  alluded  to  are  cyanogen,  C*  N  ^  Cj, 
and  mellone  C>  N*  =  Me  (see  Part  I.,  p.  140).  They  may  be 
compared  to  chlorine  exactly  like  the  two  above-mentioned  inor- 
ganic compound  radicals.    Thus, 


(Chlorine  CI 

R«lical8  ^Cf  aoogen  Cy 

^tiellone  He 

Add. 

PoWdom  B>n. 

BllwrSlIU 

H  +  CI 
H  +  Cy 
H  +  Mto 

K+Cl 

Ag+CI 

Cyanogen  and  mellone  are,  therefore,  radicals  of  the  nature  of 
the  chlorine  group  of  metalloids.  The  bisulphide  of  cyanogen, 
or  sulphocyanogeo,  CiNSi  =  CySi,  although  it  contains  three 
elements,  plays  the  same  part  as  chlorine  or  cyanogen,  and  fonna 
with  hydrogen  the  aeid  H-}-  CySi,  with  potassium  the  salt  E  + 
Cy  8i ,  and  with  silver  the  salt  Ag  +  Cy  Si . 

Some  compound  organic  radicals  appear  more  analogona  to  the 
combustible  group  of  metalloids,  that  is,  to  carbon,  sulphur  or 
phosphorus ;  masmucb  as  they  form  acids  with  oxygen,  or  raOier 
with  the  elements  of  "water  like  those  metalloids,  and  are  beikles 
capable  of  entering  into  combination  with  chlorine,  iodine,  &c. 
Such  radicals  are  carbonic  oxide,  C  0,  or  rather  an  isomeric  mod- 
ification of  it,  Oi  Oa;  Bcetyk.  C*  Hs;  and  formyle,  Ct  H.  Back 
of  these  may  be  viewed  as  the  radical  of  a  powerful  acid ;  for 
C.  0.  +  0  =  Ci  Oj  is  dry  oxalic  acid  ;  C.  Hj  +  Os  ia  dry  acetic 
acid  ;  and  0*  H  -|-  Oa  is  dry  formic  acid.  Ahuq,  the  first  forms 
with  chlorine  the  compound  Ci  Oi  +  Cli,  called  nhosgene  gas  or 
ehlorocarbooic  acid,  while  the  two  others  yield  Ot  Hj  +  CI,  the 
chloride  of  ace^le,  and  Ci  H+  Cli,  the  perehloride  of  formyle. 

Further,  there  lue  organic  compound  radicals  which  play  the 
part  of  metals,  fbnuing  salts  wBli  chlorine,  iodine,  sntphur,  cyan- 
ogen, •lie.,  and  yielding,  with  oxygen,  compounds  possessing  basic 
properties  anakigoas  to  ihoso  of  metalltc  oxides.  Such  radicals  are 
ethyle,  Ct  Hi;  methyle,  Ci  Hs;  and  cacodyle,  Ct  H.  As>. 


"— 

c£& 

OoopooxL 

susssx 

^t^ 

Ethyle  C.H,-Ae 
HediyieCiHjsHt 
Cacodyle  CtH.AstsK^ 

AeO 

S3 

AeCl 
MtC! 
Ed  CI 

AeCy 
MtCy 

AeS 
MtB 
KdS 
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Lully,  tlii-re  are  Rome  compound  organic  riidicala,  which  par- 
Ulw  uf  ihi.*  characters  of  the  two  last  f^upi,  forming,  like  the 
tcetylf  f^roup,  acids  and  not  bases  with  oivgi'n ;  but  yirlding, 
with  chlorine,  sulphur,  cvAno^n,  &c.,  compounds  analogous  lo 
those  formed  by  the  ethjie  group.  To  this  division  belong  ben- 
loyle,  CitH(0]=Bi;  cinnamyle,  Ci>HiOi  =  Ci;  and  sev- 
eral otlii^rs.  Benaoyle  and  cinnamyle,  with  the  addition  of  oxygen 
and  the  uli'mcnls  of  water,  produce  bensoic  acid,  Bt  0,  HO,  and 
nDnamtc  acid,  Ci  0,  H  O.  This  group  is  characterized  by  forming 
with  liydrogcn  certain  essential  oils.  Thus,  benzoyle  yields,  with 
hydrogen,  the  cKscnttal  oil  of  bitter  almonds,  Bi  II ;  dnnamyle 
yieldu  the  oil  of  cinnamon,  CiH  ;  and  snhcyle,  ChH.  0«  =  8a; 
another  radical  of  this  group,  forms,  with  hydrogen,  the  oil  of 
■piraea,  SaH. 

These  brief  statements  will  serve  to  show  that  there  arc  different 
kinds  of  groups  of  compound  radicals,  just  as  there  arc  of  simple 
ones ;  and  further,  that  these  compound  radicals  exhibit  a  very 
remarluble  tendency  to  combine  with  simple  radicals,  and,  in  &ct, 
to  act  the  part  of  elementary  bodies.  And  let  us  here  bear  is 
mind  that  the  only  real  difference,  in  this  point  of  view,  between 
cyanogen  and  chlorine  is  this,  that  in  the  case  of  the  former  we 
oan  prove  the  radical  lo  be  compound,  while  we  cannot  as  yet  do 
this  m  tlie  case  of  the  latter.  But,  as  formerly  pointed  out,  we 
oall  chlorine,  and  indeed  all  other  elements  simple,  only  because 
we  bare  not  been  able  to  show  them  to  be  compound ;  without 
having  any  certainty  that  they  are  really  and  absolutely  simplo. 
If  wc  could  not  resolve  cyanogen  into  carbon  and  nitrogen,  we 
ahouM  be  compelled  to  add  it  to  tha  list  of  elements. 

But  although  compound  radicals  usually  act  toward  other  bod- 
ies as  if  simple,  and  consequently  combine  generally  with  simple 
substances,  ttiey  are  also  capable  of  uniting  with  each  other.  In 
fact,  this  is  but  another  proof  of  their  close  resemblance  to  ele- 
mentary bodies  in  their  relation ;  for  as  simple  metob,  such  as 
potassium  and  silver,  unite  with  cyanogen  just  as  with  chlorine,  bo 
also  such  compound  radicals  aa  are  analogous  to  metals  can 
combine  with  cyanogen,  itself  a  compotind  radical.  Thus  etbyle, 
meth^le,  benzoyls,  and  cacodyle  all  combine  with  cyanogen, 
yielding  compounds  formed  of  two  organic  radicals,  one  playing 
the  part  of  a  metalloid,  the  other  that  of  a  metaL 

Compounds  of  this  nature  famish  the  very  best  proof  and 
illustration  of  the  advantages  which  we  derive  from  the  doctrine 
of  compound  radicals,  acting  like  elements,  whenever  we  arc  jus- 
tified by  facts  in  adopting  and  applying  it.  Thus  a  compound  hoa 
been  formed  by  the  mutual  acUon  of  a  compound  of  cncodTle 
and  a  compound  of  cyanogen,  the  analysis  of  which  proves  mat 
it  eonUhis  earboo,  hydrogen,  nitrogan,  and  arsenic,  in  the  relative 
proportions  indicated  by  the  Ibrmala  Os  A«  N  As* .    What  Tiew 
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are  Te  to  lake  of  rach  a  formula?  and  if  we  look  on  the  compaaM 
M  one  formed  of  these  four  elements  iadiscrimiDately  united,  bow 
are  we  to  retain  such  an  insolated  fact  in  the  memory  ?  But  if,  on 
the  other  band,  ve  view  it  as  the  cyanide  of  cacodyle,  =  C,  H« 
Asi  +  Ct  N,  or,  using  the  abbreviated  notation  appropriate  to 
compoand  radicals,  Ed  C^,  we  are  at  once  enabled  to  retain  the 
composition  and  chemical  relations  of  the  compound.  Moreover, 
when  we  find  that  the  radical,  Kd(=  Ct  B«  Asi)  exists  in  a  sep- 
arate form,  and  that  it  forms,  with  oxygen,  two  compounds,  KdO 
and  Kd  Oi ;  with  chlorine,  Kd  CI ;  wi£  sulphur,  Rd  8 ;  and  that, 
in  short,  it  plays  the  part  of  a  metal  in  all  its  compounds,  and  ma^ 
in  ftict  be  separated  from  some  of  these  by  metals  having  stronger 
a£SniueB  than  itself,  we  are  supplied  with  an  idea  which  serves 
to  connect  and  to  fix  all  these  and  many  more  analogous  facta  im 
the  memory. 

When  we  farther  observe,  to  pursue  tliftMme  example,  that  the 
cyanide  of  cacodyle,  Ed  Cy,  when  acted  on  by  hydrochloric  add, 
gives  rise  to  hydrocyanic  acid  and  chloride  of  cacodyle  ;  and  that, 
when  acted  on  by  potash,  it  yields  cyanide  of  potassium  and  oxide 
of  cacodyle,  we  acquire  so  many  additional  proo&  of  the  entire 
analogy  between  simple  and  compound  radicals  in  their  relation  to 
other  bodies.  For  the  two  changes  or  reactions  above  mentioned 
are  expressed  by  the  equations,  Kd  Cy,  +  H  CI  =  Kd  CI  +  H  Cy  ; 
and  KdCy  +  KO  =  KdO  +  KCy;  and  these  equations  are 
xactiy  similar  to  those  which  occur  moat  frequently  in  inta^^imic 
chemistry. 

The  facts  already  ascertained  with  regard  to  those  compound 
organic  radicals,  whose  existence  has  been  ather  established,  or 
rendered  highly  probable,  entitle  us  to  conclude  that  all  organic 
compounds  contain  one  or  more  organic  radicals,  combined  either 
with  each  other,  or  with  elementary  radicals.  In  studying  there- 
fore, any  organic  product,  one  chief  object  is  to  determine  what 
organic  radical  or  radicals  it  contains,  since  the  knowledge  of 
these  at  once  ^ves  us  a  means  of  clasufication. 

Thus  alcohol,  on  the  theory  of  componnd  radicals,  is  considered 
as  the  bydrated  oxide  of  ethyle ;  ethyle  being  an  oivanie  radical, 
C4  Hi  ■  So  that  alcohol,  Ct  H*  Oi  is  more  accurately  represented 
as  (Ct  Hj )  0  +  H  0  ;  or  if  we  represent  ethyle,  C«  Ui,  by  Ae, 
then  alcohol  becomes  Ae  0,  H  O,  hvdrated  onde  of  ethyle  ;  per- 
fectiy  analogous  to  K  0,  H  O,  hydrated  oxide  of  potassium,  or 
caustic  potash. 

Again,  bensoic  ether,  Ci>Hi>Ot,  is  viewed  aa  benzoate  of 
oxide  of  ethyle,  Ct  H*0  +  CitHi  Oi  ;  or  ntore  briefly,  Ae  0 -|- 
Bs  O.  Here  we  bave  the  basic  oxide  of  one  radical  united  wilh 
the  acid  oxide  of  another. 

It  was  often  by  means  of  thus  tracing  the  diffirent  organic  rad- 
icals, that  we  are  enabM  to  explain  the  nrj  amamom  omw  (tf 
22 


mmtTvat..  wYuit  orrar  ic  rtrguac:  chtaiftiy.     Tims,  the  ktktwiag 
mmmvtuaitt  tk-n  tbt-  ua>e  tuapnuiiati  in  1*00  pmrla : 

.Vufird^  .    .    .    .    C(H<Oi 

A.-wa;   EiK-     .     ,     .     .     CiHiOi 
KL-TtTir  Aai     .    -    .     .    CiHtO* 

Nr«.  k,iii();r^  u  ccondcn^  in  be  ibe  brdrated  protoxide  of 
•««■«,  0,13:  .0  — HO:  <vr.abb?»ti*ied."AcO,HO.  Agsin 
■»*.-  <'.;,-*r  »  ai*iMt  of  o»ide  of  eihile.  C.  Hi  0  +  (C4  H,) 
0»  ;  <att;ir.:T.  AfO.AcO.  :  ihc  drr  acetic  acid,  AtOj  =  (C« 
B>>0>.  bring  a  peroxide  of  ibe  «ame  radical.  acetTle,(C«  Hj  = 
A<rk  of  vhich  aJdebrde  is  tbe  protoxide.  Laailr,  botjric  acid  is 
—~-*^~~i  («o  tbe  older  view  of  acids,)  as  a  hydnted  add,  a 
'   water  witb   dry    bnmic    acid  ;    thus,  H  0  +  Ci 


It  w  mtf,  that,  in  Um  latter  ease,  we  are  not  yet  acquainted  with 
^  ir»*  radical  of  bn^rnc  acid ;  bat  we  cannot  doubt  that,  like 
miMK  arid,  it  does  contain  a  nulical.  These  three  compounds, 
rihtot^MV.  may  now  be  represented  and  distinguished  as  follows : 

Bnptiiixl  FcimiiU.  BstlDiul  romnla. 

Aldehyde  C.  H.  0«  =  (C.  H*)  O  +  H  O 

AiiftLC  Ether        Ci  Hi  0>  =  (C«  H.)  O  +  (C.  H.)  Oj 
Bucvric  Acid        Ci  H*  Oi  =  Ci  Ht  Oj  +  H  O 

BvM  ta  ihoso  cases  in  which  the  composition  of  the  radical  is  not 
btown,  VI  uot  known  with  certainty,  we  can  often  trace  the  radical 
with  iuut:h  prvibnbility.  Thus,  diy  oxalic  acid,  CiOi,and  dry 
UvUitio  ai.-iil,  C4  Oi,  may  be  viewed  as  different  compounds  of 
tiki  ^iui|>tv'  radical  carbon,  the  latter  containing  just  twice  tbe 
piopuriiuu  vf  carbon  to  the  same  quantity  of  oxygen  that  tbe 
foruitfr  du««.  This  is  merely  stated  by  way  of  illustration  :  for,  it 
it  at  Waal  iKiually  probable  that  tbe  true  radical  of  oxalic  aeid 
ia  U«  On. 

But  ill  the  fi^llowing  four  acids  we  may  trace,  theoretically,  the 
uuou  cuuipyund  radical,  namely,  formyle.sCt  H,  in  combination 
with  the  uiffvKnt  proportions  of  oxygen.  Here  Ci  U  is  also 
repicMDUHl  by  Ko. 

Koimio  Actd    <Ci  H)  -f-  Oi  =  Fo  Oi 
Succinic  Acid  Ci  Hi  Oi  =3(Ci  H)  +  0*  =FoiO) 
Malio  AcW       C4  H.  0*  =  3  (Ci  H>  +  O.  =  Poi  Ot 
Raceuue  Acid  C^  Hi  Ot  s  3  (Ci  H)  +  0(  =  Foi  Oi 
Th««e  relalioiu.  ■ItMtagb  as  yet  only  to  be  traced  in  the  form- 
ula, ai«  yet  nok  wlthoat  interest,  and  may,  at  all  etenta,  seire 
lu  aid  ibttDMOton. 

In  lik«  miper  V  way  be  observed,  that  the  following  acidi  all 
cuutaia,  m  fcjiliiHi,  4  eq.  of  oxygen ;  and  all  likewise  the  mne 
number  of  sqi.  tt  owboa  u  of  bj^rogen. 
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1.  Aeetio  Acid  C*  H«  0«  =  C<  Hi  0«,H  O 

3.  Btetaeetouic  Acid C*  H<  0.  =  C«  Hi  0*,H  O 

3.  Buijric  Acid  Ct  H*  0«  =  Ci  H>  0),H  O 

4.  Valerianic  Acid CbHidO*  =^  CioH>  Oi,H  O 

fi.  Cai-proicAcid         CnH.iOt  =  CnHu  0»,H  O 

6.  CEuaathylic  Acid Cu Hit  O4  =  CuHnOi.R  O 

7.  Caprylic  Acid        CwHi.O«  =Ci4HuOs,H  O 

6.  Pelar^nic  Acid CuHbO.  =  CiaHnOs,  H  O 

9.  Capric  Acid  C»H»0<  =  CmH>iOs,H  O 

10.  •*•••  •••• 

11.  Laurie  Acid            Cm  Hh  O*  =:  Ch  Ha  Oa,  H  O 

19.  Cocinic  Ada          C»HmO«  =  CaiHi>Oa,H  O 

13.  MyriaticAcid        C«iH»0«  =C«H»7  0i,H  O 

U.    •••••  •••• 

15.  Palmitic  and  Ethalic  Acida      .     .    Cs  Hn  O4  =  Ck  Hii  Os,  H  O 

16.  Hargaric  Acid        ChHmO*  »  CmHmOj.H  O 

Here  we  may  suppose  the  radiud  of  |||e  first  acid  to  have  been 
changed  hj  the  succesmve  additions  of  t,  4,  6,  10,  or  SO,  or  more 
eq.  of  carbon  or  hydrogen,  the  oxygen  remMning  unchanged.  Or 
■we  may  aa  readily  auppose,  one  of  these  acids,  by  losing  oxygen, 
to  pass  into  another.  Thus  we  may  either  conceive  butyric  acid 
to  be  formed  from  acetic  acid  by  the  addition  of  Ct  Hi ;  or  acetic 
acid  to  give  rise  to  butyric  acid  by  losing  half  is  oiygen  ;  for  2  (Ct 
H,  0.)=:C.  H.  Oi;  andC.  Ht  0.  — 04==C.HiOt. 

When  compound  organic  radicals,  or  their  compounds,  are  sub- 
jected to  powerful  decompOMxr  agencies,  they  tend  to  produce 
new  and  complex  radicals.  Tiius,  when  alo^ol,  the  hydroted 
oxide  of  ethyle,  is  oxidized,  it  gires  rise  to  aldehyde  and  acetic 
acid,  which  are  compounds  of  acetyle,  C4  Hi,  a  less  complex  radi- 
cal than  etbyle,  C4  Hi.  Further,  when  organic  compounds  are 
decomposed  by  a  strong  heat,  they  tend  to  produce  compounds  of 
simple  radicals,  such  as  carbon  or  hydrogen,  or,  at  most,  of  the 
least  complex  radicals,  such  as  cyanogen,  Ci  N,  and  onddogen, 
N  Hi.     These  are  principles  of  rery  general  opplioation. 

It  may  here  be  onserred,  that  while  in  such  cases  as  the  sup- 
posed conversion  of  acetic  into  bntyrio  acid,  by  the  loti  of  half  its 
oxygen,  the  change  is  from  a  less  complex  to  a  more  complex 
organic  compound,  and  while  we  can  hardly  doubt  the  posubili^ 
of  such  a  result,  yet  the  oxidation  of  a  compound  radical,  that  i>, 
the  addition  of  oxygen,  appears  always  to  produce  less  complex 
radicals  or  compounds. 

It  is  often  urged,  as  an  argnment  wiinst  the  doctrine  of  com- 
pound radicals,  that  these  suppomd  raduils  are  entirely  imaginary 
and  cannot  be  produced.  Now,  it  is  biM,  that  a  lai^  proportion 
of  those,  whose  existence  is  bait  attested,  hare  not  yet  been  ob- 
tained in  the  nncombined  state  ;  sndlfris  ere%probaUe  that  some 
of  them  ore  only  capable  of  existing,  or  rathe^  of  b^ig  preserved, 
vhen  comtnned.    But  the  argiim«nt  founded  00  Ihii  net  has  no 
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oogmty;  for,  in  tbe  firct  place,  some  or^nJc  radioftU,  mcb  ■■ 
oruiogen  ud  caeodyle,  are  ireli-known  in  the  Mparate  sUte. 
How  cjanogen  rad  cacodyle  are,  in  all  (heir  relations,  exactly  ■□- 
■logDus,  the  former  to  chlorine,  the  latter  to  a  metal ;  and,  if  we 
were  tuiRble  to  demonstrate  their  compound  nature,  their  chemical 
relationa  would  compel  as  to  classify  cyanogen  as  an  element  along 
with  chlorine,  and  cacodyle  along  with  the  metals  ;  and  when  we 
•ee  whole  series  of  organic  compounds,  in  all  respects  analoRons 
to  those  of  cyanogen  sod  cacodyle,  we  are  entitled  Icvically  to 
draw  the  couclusion  that  these  compounds  contain  similar  com- 
pound radicals,  even  although  we  cannot  isolate  them.  Secondly, 
m  every  chemical  theory  yet  broached,  may  substances  are  ad- 
mitted whose  existence  cannot  be  directly  proved.  Thus  the  so- 
oalled  anhydrous  organic  acids  are,  almost  without  exception, 
unknown  in  the  separ^e  state ;  they  are  equally  imaginary  with 
the  radicals,  whose  exigence  is  doubted.  Nay,  many  inorganic 
■oids  are  equally  hypothetica].  Anhydrous  nitric  acid  has  never 
been  seen  ;  and  allhan^  there  are  reasons  for  doubting  its  exist- 
once,  yet  no  one  donota  the  existence  of  hyposulphurous  acid, 
which  yet  has  never  been  separated,  either  as  a  fayarate  or  in  the 
anhydrous  state. 

We  conclude,  therefore,  that  organic  compound  radicals  exist, 
and  generally  pla^  the  part  of  elements  ;  and  we  shall  avail  our- 
selrea  of  their  existence,  as  &r  as  it  is  established,  to  fadlitate 
the  study,  the  classification,  and  the  retentitm  in  the  memory,  of 
ofganic  compounds. 

Tbbort  or  CHiinaju.  Ttpib.  —  Doctbinb  of  SuBanrtmoii. 

The  original  and  ingenioufl  researches  of  Laurent  have  led  to 
the  adoptJoD  of  what  is  called  the  Theory  of  Types,  and  the  Law  or 
Doctrine  of  Substitution,  which  have  been  supported,  and  in  a 
great  measure  established,  by  Dumas  and  other  distinguished  ex- 
perimenters of  the  French  school.  The  views  of  Laurent  and 
ol  Dumas  were  for  a  time  vehemently  opposed  by  some  chemists, 
Mpeciall^  by  Barselius  and  Liebig  ;  but  although  they  have  in 
■ome  points  been  modified  and  restricted,  the  progress  of  discov- 
ery has  gradually  led  to  their  general  recepUon,  so  that  recently 
■ome  of  the  most  striking  illustrations  and  proo&  of  the  law  of 
■nbslitution  have  been  diacovered  by  Dr.  Hoffman,  asnslant  to 
Baron  Liebig,  and  working  under  his  eye. 

As  the  subject  is,  therefore,  no  longer  purely  oontroversial,  it 
would  be  wrong  to  omiL^t  in  an  elementarr  work,  much  more  es- 
pecially as  the  doctrine  kaa  now  taken  such  a  fcHm  as  to  Jaoililate 
Terj  mnch  the  stady  of  orgauii  «anpounda  and  of  their  metunoc- 
phosea. 

It  is  not  aiay  to  define  a  efaflrieal  type ;  but  in  inorganio  chem- 
istry w«  may  aaj,  fbr  example,  thai  hydrochloiio  Mid,  H  CI,  is  the 
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type  of  a  very  numerous  class  of  acids,  the  character  of  whiih  is, 
that  tbej  contain  hydrogen  united  to  a  salt  radical. 

If  ibr  chlorine  we  substitute  iodine,  bromine,  dec,  or  even  cyano- 
gen, the  type  remains  unchanged,  the  compound  is  still  an  acid, 
analogous  to  that  which  was  selected  as  the  the  type. 

Again,  common  salt,  Nad,  is  the  type  of  a  very  large  series  of 
salts,  in  which  a  metal  is  united  with  a  salt  radical ;  and  if  we 
substitute  potassium,  lead  or  silver  for  Uie  sodium,  the  type  is  un- 
altered ;  we  obtain  a  different  salt,  but  still  a  salt  of  Uie  type 
represented  by  Na  CI. 

Here,  then,  we  have  the  EiraplesC  types  and  the  most  obvious 
cases  of  substitution  ;  when  iodine  or  cyanogen  is  substituted  for 
chlorine  in  the  acid  type ;  or  when  potassium,  lead,  or  silver  is 
substituted  for  sodium  in  the  salt  type  ;  in  both  cases  without  ihe 
loss  of  the  type. 

Nay,  in  ilie  salt  t}^  represented  by  Ka  CI,  we  may  not  only 
replace  sodium  by  other  metals,  but  we  may  also  substitute  iodine, 
bromine,  &c.,  or  cyanogen,  for  the  chlorine,  and  still  the  type  will 
remain  unchanged.  Iodide  of  sodium,  Nal,  bromide  of  magn«- 
Mum,  Mg  Br,  and  cyanide  of  silver,  Ag  Cy,  are  all  as  good  exam- 
ples of  the  salt  type  represented  by  NaCl,  as  common  salt  itself  i& 

It  baa  been  proposed,  with  great  propriety  by  Baudrimont,  to 
employ  certain  Qreek  characters,  as  symbols  in  representing  the 
formulae  of  extensive  types  or  of  types  m  general.  I  shall,  bhere- 
fore,  express  the  above  salt  t3rpe  by  the  formula  ax,  in  which  A 
stands  for  any  metal  or  body  acting  as  a  metal,  and  x  for  chlorine 
or  any  other  radical  of  analogous  power,  such  as  cyanogen.  Aji 
hydrogen  appears  to  stand  alone  in  the  power  of  forming  acids 
with  bodies  of  the  type  x,  the  acid  type  above  alluded  to  becomea 
in  its  most  general  form  bx. 

But  while  it  is  very  easy  to  understand  the  extennve  substitn- 
tions  which  may  be  effected  in  the  case  of  both  elements  of  the 
type  Ax,  yet  we  observe  that  in  these  subslitatiooa  the  electrical 
character  of  the  elements  is  retained ;  and  that  as  A  is  the  positive, 
and  X  is  the  Degative  element,  so  they  are  only  replaced,  a  by 
positive  and  x  by  negative  elements  respectively. 

So  ^  as  inorganic  chemistry  ia  concerned,  the  study  of  types 
would  serve  generally  to  confirm  and  establish  the  electro-chemical 
theory.  At  tdl  events,  we  are  not  as  yet  acquainted  with  many 
exceptions  to  it ;  we  do  not  usually  find  oxygen  or  chlorine  occupy- 
ing the  place  of  a  in  a  compound,  or  a  metal  playing  the  part  of 
X.  Even  in  inorganic  chemistry,  however,  there  are  some  exam- 
ples of  such  interchanges.  Manganese  in  manganic  acid,  Mn  Oi, 
and  chromium  in  chromic  acidfcQrOi,  obviously  represent  the 
sulphur  in  sulphuric  acid  ;  and  ul|^mivigBneBe  in  hypermauganic 
acid,  Uni  Ot  mresenU  t^e  cfaioHne  in  p«F<Bbloric  acid,  CI  Oi  t 
whils,  in  il«  oUw  compounds,  manganese  aots  u  a  metal. 
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But  the  rewarchet  of  Laurent  snd  Dumas  hkve  ahown  tliat  in 
on;«nic  chemistry  the  inbstitution  of  one  element  for  another,  eren 
where  the  type  is  retained,  is  not  Iimit«d  by  the  electrical  chancier 
of  the  elements.  Thus,  in  acetic  acid,  H  0,  C4  Hs  Oa,  the  3  eq. 
of  hydrogen  in  the  anhjdrons  acid  may  be  replaced  by  chlorine, 
giving  rise  to  the  compound  H  O,  C«  Cla  Oi,  m  which  the  ^pe  is 
BO  little  affected,  that  this  substance,  chloracetjc  add,  has  pr^er- 
ties  highly  analogous  to  those  of  acetic  acid.  Here  it  is  evident 
that  the  chlorine  performs  the  same  function  as  the  hydn^^ 
which  it  replaces  did  ;  and  not,  as  in  hydrochloric  add,  an  opposite 
fnnotion. 

Again,  in  aldehyde,  (G4H1)  O  +  HO,  the  3  eq.  of  hydrogen 
in  the  radical  Ct  Hi  may  be  replaced  by  3  eg.  of  chlorine,  and  we 
tiien  have  chloral,  (Ct  Cl>)  0  +  H  O,  a  body  of  the  same  type 
as  aldehyde. 

Buch  cases  of  substitution  of  chlorine  (iodine,  bromine,  dec.,] 
ftir  hydrogen,  and  even  of  oxygen  for  hydn^en,  without  change  of 

2 ye,  are  very  frequent :  and  it  is  this  kmd  of  aubstitulion,  so 
rerse  to  the  electro-chemical  theory,  which  is  included  in  the 
theory  of  subslitutions  of  Laurent.  Those  more  usual  substitu- 
tions, where  one  body  is  replaced  by  another  of  similar  electrical 
cbarBct«r,  may  be  viewed  as  so  many  examples  of  the  doctrine  of 
equivalents,  toe  replacing  body  being  equivalent  to  that  for  which 
it  IS  substituted,  on  the  electro- chemical  theory. 

Adopting,  then,  the  views  of  Laurent,  we  are  compelled  to 
admit  that  the  electro -chemical  theory  fails  when  applied  to  cases 
of  substitution  of  chlorine  for  hydrogen,  Ac,  where  the  type 
remains  unaltered.  This  is  clearly  the  case  in  acetic  and  chlora- 
cetic  acids  1  and  Hoffman  has  recently  shown  that  in  certain  basic 
organic  compounds,  hydrogen  may  be  replaced  by  chlorine,  while 
the  new  compound  retains  the  basic  type  and  characters.  Alde- 
hyde and  chloral  furnish  an  example  of  the  same,  in  a  body 
neither  acid  nor  basic. 

Here,  then,  is  a  fact  of  vet^  general  occurence,  which  not  only 
proves  that  the  electro- chemical  theory  of  combination  is  inappli- 
cable, at  all  events  in  many  coses,  but  also  tends  to  establish  a 
very  different  view :  namely,  that  the  electric  character  of  an 
element  is  no  permanent  or  essential  property ;  and  that  the  type 
or  character,  or  general  properties  of  a  compound,  depend,  not  on 
the  nature,  bat  solely  on  the  amtnffemtut  of  its  elementary  atoms ; 
on  the  way  in  which  they  are  grouped  to  form  the  componnd 
molecule. 

The  reader  will  remember  that,  in  the  section  on  Isomorphism, 
the  principle  was  laid  down  Ut«t  the  oiystalline  form  of  certain 


types  of  salts,  such  as  the  ahm  type,  as  well  as  many  otiier 
properties  of  the  cmnponnds  having  tAose  typafcwhere  the  reanlt 
of  the  gmUttr  grotqiinff  of  analogotu  tUmtnU.     Wt  now  aea  that. 
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mccordtag  to  the  law  of  substitution,  u  deduced  from  numerovB 
careful  observatioDB,  aimtlarity  of  properties,  or  identily  of  type, 
are  the  result  of  similarity  of  eronpmg,  even  of  elements  not  anuo- 
gous,  nay,  of  elements  electrically  opposed  to  each  other.  It  is 
evident,  therefore,  that  the  arrangement  of  the  elementary  mole- 
cules to  form  the  compound  molecule  is  the  circumstance  on  which 
depend  almost  eiclusiTely  the  properties  of  the  compound,  or,  Id 
other  words,  the  character  of  the  type. 

Substitution  may  be  either  complete  or  partial.  In  chloracetic 
acid,  and  in  chloral,  the  substitution  of  chlorine  for  the  hydrogen 
of  the  radical  acetyle  C*  Hj  is  complete.  But  when  ether  (GiH*  ) 
O  is  acted  on  by  chlorine,  the  substitution  takes  place  by  sncces- 
sire  steps,  one  equivalent  ^f  hydrogen  being  replaced  at  a  time, 
after  the  oxygen  has  also  been  replaced  by  chlorine.  Thus  we 
have,  first : 

Ether  or  oxide  of  etbyle  =  (C*  Ui)4-  O 
then,  chloride  of  ethyle  =  (Ci  H5)  +  ^1 
then,  auGceuively,  Ct  <  ».*  -f-  CI 


Jcu+ci 


and  lastly,  (C«  Cli )  +  CI 

We  thus  obtain  the  series  of  compounds  here  indicated,  in  which 
the  hydrogen  is  gradually  replaced  by  chlorine,  until  at  last  we 
obtainthecompoimd(C<  Cli)  +  (^1  =  (^«  CIt  =ZCi  Cli,  which 
is  the  perchloride  of  carbon.*  Most  of  these  compounds  have 
actually  been  obt^ned ;  and  it  is  obvious  that  they  may  all  be 
referred  to  one  type.  Such  a  series  is  called  a  series  of  mechan- 
ical examples  of  the  type  in  quesdon,  or  rather  of  subtypes  re- 
taining the  original  character  although  modified. 


(C.H.)C1> 

boiUM  10*0    dtndly 

1-151  =4 1 

C.  H.CI. 

"      noo 

1-347  =  4 

Ci  a,  CI4 

■■     1950  200°    » 

1-548  =  4 

C.H.Cl, 

"    9200  325°    ■■ 

1-548  =  4 

C<  H.  Cli 

"  240°  Is  3450  •■ 

1-896  =  4 

C.H   CI, 

..        360O 

1-731  =  4 

C,       Ct, 

3900 

1-860  =  4 

Than  eomptntj^  diatUItd  with  ileahollc  lolntioii  of  p< 
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In  some  cases,  hydrogen  has  been  replaced  partly  by  chlorine, 
and  partly  by  bromine.  Laurent  has  described  two  compounds 
derived  from  naphthaline  by  substitation,  the  empirical  formula 
for  both  of  which  is  the  following:— GssHs  Cis  Br.  Tet  the 
properties  of  these  two  compounds  are  quite  distinct,  and  it  b  cer- 
tain that  this  diflference  of  properties  must  depend  on  a  difierence 
in  the  arrangement  of  the  elements.  Now,  m  the  formation  of 
these  two  compounds  we  have  a  very  beautiful  proof  of  the  exist- 
ence of  a  difiference  in  the  arrangement :  for  one  is  produced  when 
chlorine  acts  on  the  compound  called  by  Laurent  bronaphtese, 
Cio  Hs  Brs  ;  while  the  other  is  formed  when  bromine  is  made  to 
act  on  clonaphtise,  0»Hs  CU.  It  is  obvious  that  in  the  first 
ease  2  eq.  of  hydrogen  and  1  eq.  of  bromine  are  replaced  by 
chlorine ;  while  in  the  second,  1  eq.  of  hydrogen  is  replaced  by 
bromine.  While,  therefore,  all  four  compouncU  may  be  deduced 
from  the  type  C»Hs,  and  while  both  the  bromine  and  chlorine 
play  the  part  of  hydixM^en,  it  is  impossible  to  doubt  that  each  of 
the  8  cq.  of  hydrogen  has  its  special  place  in  the  compound  mole- 
cule of  the  type,  and  that,  in  the  two  empirically  identical  formulae 
above  given,  the  1  eq.  of  bromine  does  not  replace  the  same  eq. 
of  hydrogen,  and  consequently  the  bromine  occupies  in  the  two 
compounds  different  positions.  The  same  remark  applies  to  the 
3  eq.  of  chlorine. 

We  may  illustrate  our  meaning  as  follows: — Let  CtoHs  be  the 
type,  and  let  each  of  the  eqs.  of  hydrogen  have  a  number  attached 
indicating  its  place  in  the  typical  molecule.     We  shall  then  have 


CsHffCl    1 
Cs  H«  CU 
Cs  Hs  CU 
Cs  Hs  CU 
CsH   CU 
Cs       CIS, 

•  4  vols  vapor. 

We  also  get : 

Cs  Hs  Brsf 
CsHsBrs, 
CsH4Br«, 
Cs  Hs  Brs;  and  also: 

Cs  Hs  Br 
Cs  Hs  Bra 
CsHaBra 

Also  the  action  of  bromine  and  an  alcoholic  aolntion  of  potana,  upon  the 
bromlnated  Dutch  liquor,  Cs  H4  Bra : 

Cs  H4  Bra 
Cs  Hs  Bra 
Cs  Hs  Brs 
Cs  H   Brs  ;  and  aUo, 

CsHaBr 
Cs  Hs  Bra 
CsH   Bra 

B. 
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r„   (Hi  HiHiHi> 

Now,  if  we  represent  the  two  compounds  above  mentioned  in  the 
following  manner,  we  can  then  conceive  the  influence  of  orninge- 
ment  on  the  properties  of  two  compounds  having  the  aame  empir- 
ical formula.     The  first  may  be 

p„  (Hi  H.  HiH*  ( 

''"  iciiCUCbBr.J 
and  the  second  may  be 

~      JH,  HiH,  Br4> 

^     J  CI,  CI.  Ch  Hi  t 

It  is  only  on  this  principle  that  we  can  explain  the  facia  observed 
by  Laurent;  and  it  is  easy  to  see  that  the  above  type,  OHi, 
will  admit  of  innumerable  modifications ;  for  even  the  subtype, 
CnHi  CI 9  Br,  is  capable  of  yielding  many  more  than  the  two 
above  given  ;  and  the  change  of  I  eq.  produces  a  new  subtype, 
equally  fertile  in  new  forma. 

In  (act,  Laurent  has  actually  obtained,  as  will  be  shown  farther 
on,  a  very  large  number  of  what  we  have  called  subtypes,  from 
the  type  C>>  Ht ,  which  ia  napthaline,  and  has  established  the  same 
law  in  reference  to  many  other  types. 

The  preceding  observations  will,  I  trust,  be  fotind  sufficient  to 
convey  a  clear  general  notion  of  the  prevalent  doctrines  of  chemical 
types  and  of  substitution,  as  applied  to  organic  chemistry.  It  is 
evident  that  the  facts  of  substitution  are  of  great  interest,  and  not 
only  enable  us  to  classify  and  to  remember  numerous  complex 
fects,  but  promise  to  throw  much  light  on  the  molecular  constitu- 
tion of  compound  bodies.  Bat  while  admitting  the  importance  of 
the  doctrine  of  substitution,  it  is  necessary  to  point  out  that  the 
French  chemists  appear  to  have  gone  too  for  in  assoming  that  tbia 
doctrine  is  incompatible  with  that  of  compound  rsdici^s.  It  ia 
certun  that  some  compound  radicals  exist,  and  it  is  no  less  certain 
that  by  assuming  their  existence  in  other  cases,  we  very  much 
facilitate  the  study  of  many  important  series  of  compounds.  Let 
us,  therefore,  avail  ourselves  of  that  which  appears  well  founded 
in  both  doctrines,  since  there  appears  to  be  no  reason  why  the  on« 
should  be  opposed  to  the  other. 

Thb  DBcoMPostnoNe  and  Mktauohphobcs  of  Oboanio 

COMPOUMUS. 

Organic  compounds,  whether  actual  organised  tisanes,  unorgan- 
ised producta  of  animal  and  vegetable  life,  or  new  substances 
artificially  produced,  are  generally  characterised  by  a  great  prone- 
ness  to  undergo  decomposition  or  metamorphosis.  This  instability 
is  especially  marked  in  thoee  compounds  which  contain  nitrcwen, 
not  only  becaoM,  containing  four  element*  (in  most  eases),  tiwj 
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are  exposed  to  more  numerous  causes  of  change  llian  such  bodies 
as  contain  only  three  (carbon,  hydrogen,  and  oxygen),  but  also 
because  nitrogen  is  in  its  rehition  to  those  three  elements,  the  most 
remarkable  dement  we  know.  According  to  the  circumstances 
under  which  a  change  is  induced,  nitrogen  may  separate  uncom- 
bined,  as  in  the  ultimate  analysis  of  organic  substances  by  com- 
bustion with  oxide  of  copper  or  chromate  of  lead  ;  or  it  may 
combine  with  oxygen,  yielding;  nitric  acid,  as  in  nitrification  :  or 
with  carbon,  yielding  the  compound  radical  cyanogen,  as  when 
nitrogenized  organic  matter  is  ignited  with  carbonate  of  potash  ; 
or  with  hydrogen,  yielding  ammonia,  as  when  nitrogenized  organic 
matter  is  ignited  with  hydrated  alcalies. 

It  is  easy  to  see,  therefore,  that  while  all  organic  matter  is  prone 
to  change,  this  is  especially  the  case  with  nitrogenized  compounds. 
In  fact,  many  of  these  compounds  cannot  be  kept  more  than  a  few 
hours  without  the  commencement  of  decomposition  or  metamor- 
phosis, in  the  shape  of  putrefaction  or  fermentation.  Thb  kind  of 
metamorphosis  will  be  separately  considered  hereafter;  in  the 
meantime  it  is  important  to  observe,  that  when  such  a  compound 
has  entered  into  a  state  of  decomposition,  it  acquires  the  properties 
of  a  ferment,  that  is,  it  is  capable  of  inducing  a  similar  metamor- 
phosis in  another  compound,  if  placed  in  contact  with  it. 

The  true  explanation  of  this  fact  appears  to  be,  that  the  parti- 
cles or  molecules  of  the  exciting  body  or  ferment,  being  in  a 
condition  of  change,  and  therefore  in  motion,  communicate  to  the 
molecules  of  the  body  placed  in  contact  with  them  an  amount  of 
motion  sufficient  to  destroy  the  balance  of  the  existing  affinities ; 
which  in  organic  compounds  is  easily  done,  the  chemical  equi- 
librium beinfir  very  unstable  ;  and  thus  gives  rise  to  a  new  play  of 
affinities,  and  the  production  of  new  compounds,  as  when  sugar 
by  contact  with  yeast  is  resolved  into  alcohol  and  carbonic  acid. 

But  in  addition  to  metamorphoses  of  the  kind  just  alluded  to, 
which,  in  the  various  ferments  at  least,  commence  spontaneously, 
air  (at  all  events,  at  the  commencement),  moisture,  and  a  certain 
temperature  bein^  the  usual  conditions,  organic  substances  undergo 
very  well  marked  decompositions  when  exposed  to  the  action  of 
heat  and  of  some  powerful  re-agents ;  and  it  seems  advisable  here 
to  give  also  a  general  account  of  such  decompositions,  as  they 
admit  of  being  classified  under  certain  heads  or  rules  generally 
applicable. 

We  shall  here,  therefore,  briefly  describe  the  changes  produced 
on  organic  compounds  :  1 ,  by  oxidation ;  2,  by  the  action  of  acids  ; 
3,  by  the  action  of  bases ;  4,  by  the  action  of  heat  in  close  ves- 
tals, or  the  destructive  distillation;  and  6,  by  the  contact  of 
ferments. 

OsMoium:  a,  dirtd.'^  The  direct  oxidation  of  organic  com- 
poonds  takes  two  distiiict  forms.    The  first  is  the  fiEummar  one  of 
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combnation,  in  which  the  acUon  of  the  atmospheric  oxygtn  is  aided 
by  a  high  tcmperntare.  The  reeulta  diifer  according  to  the  aiipply 
of  oxygen.  If  there  be  no  excess  of  air,  or  of  oxygen,  from  ajtj 
source,  the  whole  of  the  carbon  and  hydrogen  is  converted  into 
carbonic  acid  and  water,  which,  along  with  nncombiQcd  nitrogen, 
are  the  ullimBte  products  of  the  action  of  oxygen  on  organic  mat- 
ters. But  if  the  supply  of  air  be  deticient,  the  hydrogen  is 
oxidized  in  preference  to  the  carbon,  which  is  deposited  as  smoke, 
soot,  or  lamp-black. 

The  second  form  of  direct  oxidiiotion  is  that  which  is  commonly 
called  decay,  but  which  Liebig  propoaes  to  call  Bremacausis  (i.  t., 
slow  combustion),  and  which  takes  place  when  organic  matter  is 
exposed  to  air  or  moisture.     In  dry  air  it  does  not  occur. 

One  of  the  moat  familiar  examples  of  this  kind  of  oxidation  is 
that  decay  of  wood  by  which  it  is  slowly  converted  into  a  dark 
brown  powder  —  nlmine.  In  this  process,  as  De  Saussure  bu 
shown,  the  wood  absorbs  oxygen,  and  produces  an  equal  volume 
of  carbonic  acid  along  with  water,  and  the  residue  —  ulmine.  As, 
in  combustion,  the  oxygen  combines  by  preference  with  hydrogen, 
so  also  in  eremacausis  there  is  every  reason  to  believe  that  the 
absorbed  oxygen  combines  witb  the  hydrogen  of  the  wood,  and 
that  an  equivalent  quantity  of  oxygen,  ijso  derived  from  the  wood, 
is  given  off  in  the  form  of  carbonic  aoid.  Now,  smce  wood  may 
be  represented  as  composed  of  carbon  and  the  elements  of  water, 
and  as  water  and  carbonic  add  are  two  of  the  products  of  erema- 
cansb,  it  might  be  supposed  that  the  water  was  ready  formed 
in  the  wood,  and  that  the  absorbed  oxygen  had  combined  with  the 
carbon.  But  it  has  been  shown  that,  in  presence  of  hydrogen, 
carbon  does  not  at  the  ordinary  temperature  combine  with  oxygen, 
for  which  its  affinity  is  leas  powerful ;  and  beudea,  in  the  de<»y  ttf 
wood,  the  proportion  of  carbon  in  the  residue  (the  ulmine)  is  con- 
stantly  greater  than  in  the  wood.  Thus  oak  wood,  O  Hb  6«  yieM 
in  one  stage  of  decay,  ulmine,  the  compoution  of  which  agrees 
with  the  formula  &>Hb  0>i  and  in  a  more  advanced  stage,  an 
nlmine  of  the  formala  Cm  H»  Om.  Here  we  aee  that  for  every  2 
eqa.  of  hydrogen  oxidized  by  the  air,  1  eq.  of  carbon  and  2  eqa, 
of  oxygen  have  been  separated  ;  ao  that  the  per  centage  of  carbi» 
in  the  residua  constantly  increases,  and  the  final  result  of  erema- 
causis would  be  a  residue  of  carbon,  were  it  not  that,  as  the 
proportion  of  carbon  in  the  ulmine  increases,  ita  afSnity  for  the 
other  elements,  strengthened  by  its  moss,  becomes  too  powerful  to 
be  overcome  by  the  oxygen  of  the  air  without  the  aid  of  heat. 
It  has  been  aa^ested,  however,  by  Liebig,  that  the  process  of 
eremacansis  may  occur  nndersucb  circnmstances  as  to  leave  at  last 
a  residue  of  pore  carbon.  The  conditions  necessary  for  this  are 
still  unknown  ;  but  if  we  snppoae  one  of  these  conditions  to  be  ft 
■emi-fluid  Mate  of  lbs  matter  nndeigoing  deeay,  and  if  we  imagiDe 


v.*  -!••,  -i.f  ••    _-,  1*^  t:   fc  TrTT"  »*':"r  r;>-    izir*"!.  '^ 

T".V«.*       ""      *.     '.•   i*"^  .'-T  ' '.VZ.  t-T  ".'11-.?  Vl  — .-rr  ",  ;*   ■j.r  ir'j*«fil;T^CO  o£ 
►  ".*:    :.fr.V.  .■•  . 

>  •       •  •  «  J 

'/  fc.'.i..*-*.     J:  :•   '.■!  ::.-T  '.'.CJ^rj.  k.-rrr-jed  or  rf.ardt-i  bj  col<l, 

crsr.*--*.  fcv]>-  fcti  dv.T  »-i'>.  *^a'.h  &^  '?orr'^r*r  sabjma&e,  which 

i>.«:r<r  >  r-^  '.'.."rj  =!-■-%..".•.*»:  ':/>:: t* '.'Vsd  whh  «:reaQ&o^Ti«i«.  or  decay, 
«.«  4v>v«:  'i*T*^:r.%rri.  "■j-i'^'r.  i*  wr.r.T  of  ^pec:*!  fct:eD::<jii.  It  i% 
ti.i*.  a  ft^abr^tr.'.c  .'  *  "s'A-'r  '^.f  trrisi^iusis.  if  tlv^d  in  eootaci 
iri".fj  ar.v.'fi^r  w"r. '.':•*  :*  c«i*o'*:  of  ur.ri#:rj'/:cj  thi--  cLan^.  speedQy 
csvivr*!  tf.«:  "A*.>r  Vi  tr.>r  iLVj  ih*:  s&m«  cori'iitioii  of  change.  This 
^H".':'.  of  fror.^v,:  in%T  be  coiEpartd,  in  one  frtnvr,  to  ikMof  a  bodj 
in  r'jTrih'i^'l'.ri.  wi.i'.h  V:'.^  tre  to  o'.her  bodits :  bat  in  ordinaiy 
corx.ba^tio:.  ':.*:  :.!:/h  U:my:T'4r.JiT*:  plajs  an  imronant  part,  while 
in  '-r':rrj% 'J «•!*:»  :":-e  effe';;  appear*  to  be  due  to  the  eommanication 
of  rf,'/ior.,  f'.m  the  i^siriciei  of  the  decivin^  bodr  lo  those  of  the 
o!h»:r  suV^T'.ar.c'-,  whi';h  motion,  a«  in  the  case  of  fenneniation» 
ov^:rturr>  the  ezistin:^  baUnce  of  affinities,  nn«tab]e  as  it  is  in  or* 
ganio  tftUiyi'iiA^.,  and  ^ves  ris^;  to  the  formation  of  new  prodncfca. 

1'he  ^r'yr<r->9  of  eremacau«»i!i,  or  i^iow  oxidation  in  the  aUnos- 
phere,  \t  on*:  of  very  i^reat  practical  importance,  inasmuch  as  by 
this  ntfTiiti*,  the  elements  of  dea^i  or^nic  matter  are  made  to 
flH^ume  those  forms  —  namely,  the  forms  of  carbonic  acid»  water, 
and  firnrnonia  —  in  which  they  are  capable  of  contributing  to  the 
nutrition  of  new  and   tawing  vegetables. 

A  p<:culiar  sp';r:ie8  of  eremacausiis  is  obfK;r%'ed  in  the  case  of  the 
ffimullaneoiis  action  of  oxygen  and  ammonia  on  certain  colorleaa 
\f"^o,in\Af',  pr'Klu'.'ts,  wliich,  absorbing  these  gases  greediJj» are  thus 
rronvert/rd  into  nttrr^^enized  comp^junds  of  very  fine  bine  or  purple 
rolorn.  Of  this,  we  have  examples  in  orcine,  erythrine,  and 
pliloridzine ;  and  thero  is  grxid  reason  to  attribute^ the  formation 
of  iii'li;;o,  from  a  juice  devoid  of  blue  color,  to  an  action  of  this 
kind,  >-in're  Uitli  oxygen  and  ammonia  appear  to  be  necessary  to 
its  pn><iur*tion.  The  transformation  of  alloxantinc  or  of  uramile 
into  rriurexidf  uNo  dep.'nds  on  the  simultaneous  action  of  ammonia 
and  oxygen. 

A.  /iidintt't  oxidation. — The  indirect  oxidation  of  organic  com- 
jHuindH  may  Ih;  effected  in  n  variety  of  ways,  as  for  example,  by 
nitri«!  acid,  the  action  of  which  we  shall  presently  describe  alonff 
with  that  of  other  acids ;  by  certain  salts,  as  by  permanganate  of 
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potash,  which  converta  su^r,  for  example  iato  oxalic  acid  ;  or  bj 
the  eroplojinent  of  a  mixture  of  bichromate  of  potash  and  diluted 
sulphuric  acid  by  whiob  means  salicine  maj  be  made  to  yield  the  h  j- 
duretof  salicyle  (oil  of  spircea);  by  the  action  of  sulphuric  acid  and 
of  peroxide  of  manganese,  as  when  alcohol  is  converted  into  atdfl- 
hyde  ;  or  finally  by  ibe  combined  action  of  heat  and  hydrated  alca- 
lies,  as  when  indigo  heated  with  potash  gives  rise  to  anthranilic  acid, 
hydrogen  bein^  given  off ;  or  acetates,  heated  with  baryta,  yield 
marsh  gas  and  carbonates.  The  use  of  fusion  with  caustic  potash 
as  an  oxidizing  agent  is  an  important  means  of  obtaining  a  leM 
perfect  oxidation  than  is  the  result  of  some  of  the  other  processes, 
and  it  lias  lately  led  to  some  very  iaterestJog  discoveries  in  animd 
chemistry. 

8.  Action  of  Acidt  on  Organic  Compounds.  —  This  action  is  very 
various ;  thu  two  acids  most  frequently  employed  are  the  nitric  and 
sulphuric  acids,  and  as  might  be  expected,  the  former  acta  more 
as  an  oiidiung  agent  than  the  latter. 

When  sugar,  for  example,  is  heated  with  nitric  acid,  the  latter 
loses  oxygen,  for  nitrous  acid  is  given  off  in  enormous  quantity; 
while  the  elements  of  the  sugar,  by  the  action  of  the  oxygen  are 
made  to  combine  so  as  to  produce  compounds  of  less  complex 
radicals  than  that  of  sugar  probably  is.  Among  the  products  are 
water,  carbonic  acid,  oxalic  acid,  and  saccharic  acid,  besides  othen 
not  yet  investigated  ;  but  the  three  Grst  sufficiently  show  the  ten- 
dency of  oxidation  to  promote  the  formation  of  less  complex  radicals. 

When  nitric  acid  acts  on  organic  matters,  there  is  generally  found 
one  acid,  if  not  more  among  the  products,  and  in  this  way  a  large 
Dumber  of  acids  have  been  discovered.  Examples  of  this  are, 
mncic  acid  from  gum  ;  indigotic  and  carbazotic  acids  from  indigo; 
margario  acid  from  Bt«aric  acid ;  suberic  and  succinic  acids,  from 
oily  acids,  besides  many  others.  It  frequently  happens  that  com- 
pounds, whether  acid  or  neutral,  formed  by  the  action  of  nitric 
acid  on  organic  matter,  contain  hyponitroua  acid  as  a  constituent, 
apparently  substituted  for  some  element  This  is  the  case  with 
nitrohenzide  from  beniine,  and  with  nitronaphlbalase,  and  a  whole 
seriea  of  compounds  discovered  by  Laurent  in  his  study  of  the 
action  of  nitric  acid  on  naphthaline.  The  earbazotic  or  nitropicrio 
add  also  appears  to  contain  a  compound  of  nitrogen  and  oxygeo. 
Some  or^nic  bases,  as  morphia  and  brucia,  strike  a  deep  red  color 
with  nitnc  acid. 

When  sulphuric  add  is  ra&de  to  act  on  organic  compounds,  it 
chars  a  considerable  proportion  of  them  by  virtue  of  its  attraction 
for  oxygen  and  hydrogen  in  the  form  of  water.  But  in  many 
cases  it  produces  very  different  effects.  Thus  by  boiling  with  sul- 
pliuric  acid  and  water,  starch  and  lignine  are  converted  into  grape 
eagor.  In  other  eases,  the  sulphuric  acid  seems  to  lose  so  much 
oxygen  u  to  produce  hyponilphuiio  add,  which  enters  into  combi- 
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nation  with  an  ot^nie  compound,  forming  a  new  add,  M  wbfln 
nlpliuric  acid  acts  on  naphthaline,  and  form  sulphonaphthalio  acid  ; 
or  on  benzoic  acid,  forming  hypoaulphobenzoic  acid  ;  or  on  alcohol 
under  certain  circumstances,  when  an  acid  is  produced  eontaining 
the  elements  of  hyposulphuric  acid  and  of  a  carbon-hydrogen. 
In  other  casea,  the  snlpharic  acid  comUnes  unchanged  with  the 
oivBoic  compound,  as  in  sulphovinic  acid,  which  is  a  bisulphata  of 
ozide  of  ethyle  ;  sulphomethylic  acid,  and  others. 

Uany  organic  compounds,  heated  with  excess  of  sulphuric  acid, 
are  entirely  decomposed,  yielding  water  which  combines  with  the 
acid  and  other  products  which  are  disengaged.  Thus  oxalic  acid 
i*  resolved  into  water,  carbonic  acid,  and  carbonic  oxide  ;  formic 
acid  into  water  and  carbonic  oxide ;  alcohol  inio  water,  olefiant 
gas,  and  other  products. 

Several  organic  compounds  are  dissolved  by  sulphuric  acid  with 
the  production  of  a  fine  red  or  purple  color.  SaJicine  strikes  & 
red  color  with  the  acid,  and  cedriret,  one  of  the  cooitituenta  of 
tar,  dissolve*  in  it  with  a  deep  blue  color,  as  does  also  naphtha- 
Phosphoric  acid  may  be  employed  in  some  cases  to  remove 
water  n-om  organic  compounds,  as  it  docs  not  char  them.  Like 
sulphuric  acid,  it  forms  with  oxide  of  ethyle  an  acid  salt,  known  as 
phosphovinic  acid. 

Hydrocboloric  acid  and  its  congeners  have  no  very  extenuve 
action  on  organic  Hubstanc«a.  With  alcohol,  hydrochloric  acid  gas 
yields  chloride  of  ethyle  ;  and  a  current  of  this  gas,  passed  through 
an  alcoholic  solution  of  a  fatty  acid,  gives  rise  to  the  compound 
of  the  fatty  acid  with  oxide  of  ethyle,  which  would  otherwise  be 
obtained  with  difficult;^-  ^i^-h  oil  of  turpentine,  oil  of  lemons,  and 
some  other  essential  oila  composed  of  carnon  and  hydn^n,  hydro- 
chloric acid  gas  combines,  forming  solids  resembling  camphor. 
Pyroxanthine,  a  substance  contained  in  tar,  dissolves  in  strong 
hychloric  ncid  with  a  line  and  deep  purple  color. 

3.  Adion  of  Bases  on  Organic  Oomptmnds.  —  Hydrated  basea 
unite,  of  course,  with  organic  acids  ;  and  when  heated  with  neutral 
substances,  they  generally  give  rise  to  the  formation  of  acidn,  such 
as  acetic  and  oxaiic  acids,  or  even  carbonic  acid,  oxygen  being 
disengaged,  or,  (if  the  organic  body  contain  nitrogen,)  hydrt^n 
and  ammonia.  This  property  of  hydrated  basea  is  employed  as  a 
means  of  converting  all  the  nitrogen  of  organic  compounds  into 
aromonin,  and  in  this  form  determining  its  quantity. 

The  presence  of  bases  greatly  promotes  the  absorption  of  atmoa- 
pheric  oxygen  by  organic  substances.  This  is  the  reason  why 
alcalies  assist  cremancausis.  The  same  effect  is  very  conspicioos 
in  the  change  which  the  salts  of  gallic  acid  (and  some  other  acids) 
undergo  when  exposed  to  the  air.  A  solutitHi  of  an  alcaline  gailato 
absorbs  oxygen  iieij  nipidly,  and  becomes  very  dork  in  colar, 
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being  oxidUed  in  a  far  shorter  time  than  if  the  acid  had  been 
nncombiDed. 

4.  Action  of  lUat  tm  Orjaiwc  Compotinda  in  clot*  vtttdi.  —  This 
action  is  known  under  the  name  of  the  dflrnclive  dittilUUion.  It 
must  be  considered  hb  combustion  with  a  very  limited  supply  of 
oxygen,  that,  namely,  afforded  by  the  substiince  itselC  A  very 
great  variety  of  compounds  is  produced,  many  of  them  very  inter- 
eating  and  useful.  The  destruclive  distillation  may  be  considered 
as  it  affects  substances  containing  nitrogen,  and  substances  devoid 
of  that  element.  Many  products  are  common  to  both  cases,  but 
many  also  are  confined  to  one  case,  especially  to  that  of  nitrogen- 
ized  substances. 

The  destructive  distillation  of  non-nitrogeniEed  substances  has 
been  chieSy  studied  in  the  case  of  wood,  which,  when  heated  in 
close  vessels,  yields  a  great  variety  of  producia :  some,  binary 
compounds,  such  as  paraffine,  naphthaline,  eu[Hone,  water,  car- 
bonic oxide,  carbonic  acid,  marsh  gas,  and  defiant  gas :  others 
ternary,  such  as  acetic  acid,  Ci  Hi  Oi  ;  hydrated  oxide  of  methyle 
or  pyroxvlic  spirit,  fCi  Hi)  0,  HO  ;  lignone,  xylite,  mesile,  and 
other  volatile  ethenal  liquids,  composed  of  the  same  elements  as 
pyroiylic  spirit,  and  very  similar  to  it  in  properties  ;  creosote  ;  [«c»- 
mar ;  capnomore ;  cedrirel ;  pittacal,  and  pyroxonthine,  besides 
many  others,  not  yet  properly  investigated. 

When  fatty  or  resinous  bodies  are  subjected  to  the  destructive 
distillation,  there  are  obtained,  besides  other  compounds,  two  solid 
carbo-hydrogens :  chrysene,  Ci  H,  and  pyrene,  Ci>  U>  ;  vfalcb 
also  occur  among  the  products  of  the  distillation  of  coal. 

This  latter  distillation  may  serve  as  an  example,  the  best  known, 
of  the  action  of  heat  on  nitrongeaiied  organic  bodies ;  for  coal 
contains  a  txrtain  although  small  proportion  of  nitrogen.  The 
products,  besides  creosote,  paraffine,  naphthaline,  and  probably 
several  others  of  those  obtained  from  wood, include  muchammcMua, 
hydrocyanic  acid ;  some  peculiar  non-nitrogeniied  acids,  as  car- 
bolic acid,  Cb  Hi  O,  H  0,  (a  remu-kable  compound,  having  an 
odour  resembling  that  of  creosote,  and  yielding,  when  subjected 
to  various  re-agents,  an  extensive  series  of  new  compounds  [Jfun^c, 
LmrtJii]  )  ;  roEolic  and  brunolic  acids ;  and  three  very  remarkable 
nitrogenized  bases,  containing  no  oxygen,  namely,  kyaool  (aniiitu, 
eryifaUint,)    C.<  Hi  N,   leukol,    &•  H.  N;  picoline,    C<>Ht    S, 

i  Anderson,)  which  is,  tberefore,  isomeric  with  aniline,  beudea  a 
burth  not  yet  fully  investigated,  pyrrol ;  finally,  paranaphth aline, 
or  anthrancene,  C*>  Hu,  and  coal  tor,  naphtha,  which  is  used  aa  a 
solvent  for  caoutchouc. 

The  distillation  of  animal  matter,  such  as  hoob,  horns,  or  bones, 
yields  analogous  reiulls,  but  ia  caracterixed  by  the  very  large 
amount  of  ammcmia  which  is  obtained,  animal  matter  being  richer 
inoilragen  thsn  coal  U.    TUa  »"»'f'"P'*  ^pean  a*  urDonate, 
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whirh  tah  0  th«s  mairaflKtHrefL  and  lienee  vas  jud  nrrTwralTT 
•till  l«,  called  ftalt  oi  haruhom. 

Many  orgaaie  adds,  whea  heated  in  close  Tcsels  to  a  ceftain 
temperaiore,  ftkott  of  tW  dcacrvetire  dcvtiBasiaa,  voden^a  reoHrk- 
able  detompoaitioD  ;  eartMwe  acid  k  gire*  oft  and  cliiere  reoMms 
a  oew  acid,  which  b  caDed  a  pTrossenoos  acid,  or  vrro-acid.  Th«B 
mecoDJc  acid,  at  a  eerlaiii  temperatvre,  jiekb  eartxiaic  acid  and  ko- 
meiuc  acid:  while  kotnefiic  acid,  if  heated  in  its  tnra,  3rie1ds  carbooie 
acid  and  pjroiBecooic  acid.  We  have  also  pTrcMDVcie,  prrocar- 
taiic,  or  pTroraoemic  and  pjrocitric  acids ;  citric  acid  jieldiiie  three 
pjro-acids,  aeonitic,  (eqnisetic, )  itacooic  and  citracoaie  ad£,  and 
inalic  acid  also  jieldin^  two,  moleic  and  paramaleic  or  fomaric  adds. 

From  the  above  statements,  it  is  obTions,  that  the  action  of  heat 
on  organic  eompoonds  eires  rise  to  a  Terr  lai^  niimberof  impor- 
taat  products  of  which  onlr  the  most  remarkable  hare  been 
named.     All  will  be  described  in  their  respective  places. 

5.  Adicm  of  FermeniM  <m  Organic  Compommdt.  —  Of  this  action 
the  best  known  and  most  important  example  is  the  fi^rmentation 
of  sugar,  by  which  it  is  resolved  into  alcohol  and  carbonic  acid. 

The  circumstances  under  which  this  metamorphosis  occurs  are 
these  :  the  sugar  must  be  dissolved,  the  solution  must  have  a  cer- 
tain temperature,  and  there  must  be  present  a  ferment,  such  as 
yeast  or  some  analogous  body.  In  the  juice  of  the  grape  a  fer- 
ment, the  fibrinous  or  caseous  constituent  of  the  juice  b  naturally 
present ;  and  Gay  Lussac  showed  that  the  contact  of  atmospher- 
ical air  was  necessary  to  commence  the  fermentation,  but  that  thb 
contact  with  the  atmosphere  might  be  only  for  a  very  brief  period, 
after  which  air  was  no  longer  necessary.  It  is  obvious  that  the  air 
acts  by  inducing  a  state  of  change  in  the  ferment,  for  if  any  fer- 
ment, previously  exposed  to  the  air,  be  added  to  a  pure  solution  of 
sugar,  fermentation  will  take  place  without  the  mixture  being 
exposed  to  the  air  after  the  ferment  has  been  added. 

Berzelius  and  others  conceived  that  the  ferment  acts  by  contact 
in  some  way  not  very  clearly  defined,  by  catalysis,  as  it  is  called, 
as  they  conceive  sulphuric  acid  to  do  in  the  formation  of  ether 
from  alcohol.  But  Liebig  has  proved  that  in  this  latter  case  the 
acid  first  combines  with  ether  (oxide  of  ethyle)  forming  sulpho- 
vinic  acid  (bisulphate  of  oxide  of  ethyle),  and  that  this  compound 
at  a  temperature  rather  higher  than  that  at  which  it  is  formed,  is 
decomposed  into  hydrated  sulphuric  acid  and  ether  which  distils 
over.  The  same  chemist  has  pointed  out  many  other  instances  of 
the  effect  of  contact,  even  in  inorganic  chemistry  :  such  as  the  ac- 
tion of  oxide  of  silver  on  peroxide  of  hydrogen,  where  the  fonr.er 
compound,  by  contact  with  the  latter,  not  only  decomposes  it, 
caosmg  oxygen  to  be  rapidly  ^iven  off,  but  is  itself  decomposed, 
losing  all  its  oxygen  ;  the  solution  in  nitric  acid  of  an  alloy  of  pla- 
tinum and  silveri  while  platinum  alone  is  insoluble  in  that  acid ; 
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or  the  acUon  of  carbonate  of  nlver  on  certain  organic  acids,  whicli 
cause  n  disengagement  of  carbonic  acid,  this  disengagement  being 
attended  with  a  partial  reduction  of  the  oxide  of  silver.  Theee, 
and  manv  other  more  familiar  cases,  particularly  those  where  ft 
compound  is  decomposed  with  detonatitminconsequenceof  a  slight 
touch,  orgentle  friction,  a  moderate  elevation  of  temperature,  or  the 
contact  of  another  substance  (e.  g.  chloride  of  nitrogen  with  oil)  all 
tend,  according  to  Liebi^.  to  establish  the  doctiine  that  in  certain 
compounds  the  balance  of  nffinities  is  unstable,  tind  therefore 
easily  overturned,  either  by  chemical  or  by  mechanical  influencea. 

The  compounds  wfaich  are  capable  of  fermentation  or  any  similar 
metamorphosis,  are  all  of  them  bodies  in  which  such  an  unstable 
equilibrium  exists  :  they  arc  all,  in  point  of  fact,  easily  decomposed 
by  many  different  ^encies,  such  as  heat,  acids,  bases,  oxygen, 
chlorine,  ibc.,  &c.  Now,  we  can  offer  no  other  explanation  of 
these  facts  of  fermcntaliun  than  this,  that  when  a  body  in  a  stKl« 
of  progressive  change,  the  particles  of  which  are  consequently  in 
a  state  of  mtition,  is  placed  in  contact  with  another  body,  the  par- 
ticles of  which  are  in  a  state  of  unstable  equilibrium,  the  amount 
of  motion  mechnnic^lly  communicated  to  the  particles  of  the  latter 
from  tliose  of  the  former,  is  sufficient  to  overturn  the  existing 
equilibrium,  and  by  the  formation  of  a  new  compound  establish  a 
new  equilibrium  more  stable  under  the  given  circumstances. 

There  is  nothing  unphilosophical  in  this  eiplana^on,  and  it  is 
\a  be  considered  as  the  best  theory  of  fermentation  yet  attempt- 
ed. According  to  the  view  of  Liebig,  a  ferment  is  merely  a  com- 
pound in  a  state  of  decomposition,  capable  of  setting  in  motion, 
and  thereby  bringing  also  into  a  state  of  decomposition,  the  parti- 
cles of  another  compound,  the  existence  of  which  depends  on  a 
nice  balance  of  affinities. 

On  the  other  hand  the  view  adopted  by  Berzelius,  according  to 
which  fermentation,  and  all  the  other  phenomena  of  chemical 
change  produced  by  contact,  nre  the  results  of  a  peculiar  unknoira 
force,  the  catalytic  force,  coming  into  action  when  certain  bodies 
are  placed  in  contact,  appears  unphilosophical,  as,  in  the  tirst  place, 
assuming  the  existence  of  a  new  force  where  known  forces  would 
suffice  to  explain  the  ^ta ;  and,  secondly,  as  furnishing  no  real 
explanation,  but  merely  acknowledging,  indirectly,  our  inability  to 
otter  any  such  explanation.  When  we  ascribe  an  effect  to  catalysia, 
we  are  only  saying,  in  other  words,  that  we  cannot  account  for  it: 
catalysis  is  thus  merely  a  convenient  term  for  all  that  we  do  not 
understand.  And  to  the  use  of  the  word  in  this  sense,  namely,  aa 
a  name  for  the  agent  which  produces  certun  effects,  the  agent  it- 
self being  unknown,  there  would  be  no  objection,  were  it  not  that 
catalysis  naa  been  employed  to  account  for  phenomena  not  only 
different  from  each  other,  but  actually  of  on  opposite  kind.  For 
example,  platinum,  in  causing  ilt»  eonMnation  of  oxygen   and 
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hydrogen,  b  and  to  act  catalyticallj,  Ksd  the  sction  of  oxide  of 
miuigiuieHe,  or  otide  of  silver  in  decomposing  peroxide  of  hydro- 
gen, that  is,  in  causing  tAe  ttpar<Uion  of  oxygen  and  hydrogen,  is 
also  colled  catalytic.  This  eiample  proves  bow  loosely  the  word 
hu  been  employed,  and  how  v^^e  are  the  views  which  have  led 
to  its  introduction. 

A  variety  of  important  and  interesting  processes  come  noder 
the  head  of  actions  caused  by  ferments;  tho  production  of  alcohol 
from  sugar,  of  oil  of  bitter  almoada  from  omygdaline,  and  of  lactic 
and  butyric  acids  from  cane  of  sugnr  or  sugar  of  milk,  are  all  ex- 
Miplea  of  this  ;  and  in  each  of  these  cases  the  ferment  is  peculiar. 
In  the  cose  of  sugar  it  is  yeast,  or  gluten,  undergoing  eremacauais 
and  putrefaction ;  in  the  cose  of  amy^Hline  it  is  emulaine,  a  pe- 
oaliar  modilication  of  albumen  ;  nnd  m  the  case  of  cane  sugar  or 
sugar  of  milk,  when  converted  into  lactic  or  butyric  acid,  it  is 
caseine,  the  nitrogeniied  constituent  of  the  milk. 

The  access  of  air  is  required  at  first  to  yield  oxygen  to  the 
gluten,  &c.,  which  then  entering  into  eremacausis,  or  if  air  be  ex- 
cluded, into  putrefaction,  are  capable  of  acting  as  ferments. 

In  the  actions  induced  by  fennents,  we  are  to  distinguish  those 
in  which  some  external  element  or  elementa  are  added  to  those  of 
the  compound,  which  cases  resemble  ordinary'  decompoaitions, 
from  those  in  which  the  elements  of  the  decomposed  body  merely 
transpose  themaelvca,  producing  new  compounds.  The  laUer  are 
properly  and  strictly  termed  metamorphoses.  Fermentations,  in 
which  oxygen  is  absorbed,  are  examples  of  cremacaosis,  and  it 
bos  already  been  mentioned  that  a  body  in  a  state  of  eremacansis 
acta  on  other  bodies  as  an  excitant  of  tiie  same  change,  that  is,  aa 
a  ferment. 

Indeed,  most  ferments,  whether  they  induce  eremacansis,  or  a 
more  pure  metamorphosis  in  other  bodies,  arc  themselves  in  a 
■tate  of  eremacansis,  at  all  events  in  the  commencement  of  the 

The  subject  of  fermentation  and  ferments  will  be  hereafter  more 
espeually  considered,  in  connection  with  fermcntescible  compounds; 
here  the  subject  is  merely  treated  in  a  general  way. 

Putrefaction,  under  ordinary  circumstances,  partakes  largely 
of  eremacausis,  and  differs  from  the  ordinary  kind  only  in  the 
offensive  odor  of  some  of  the  products,  chiefly  compounds  of 
sulphur  and  phosphorus,  as  sulphuretted  and  phosphuretted 
hydrogen. 

When  air  is  excluded,  putrefaction  goes  on,  provided  moisture  be 
preaent,  and  it  is  then  a  metamorphosis,  giving  rise,  in  the  case  of 
vegetable  matter  putrefying  under  water,  or  in  the  strata  of  mines, 
to  a;a*eous  products,  auch  as  marsh  gaa  and  olefiant  gas,  eonsti* 
tntmg  with  air  the  fire-damp,  and  oarbonie  acid,  which  ia  tlu 
choke-damp  of  the  miner. 
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Animal  nutter,  in  a  state  of  putre&ction,  ai  pntrid  flesb,  blood, 
cheese,  or  wine,  acts  m  a  fermeot,  and  la  capaole  of  cauung  tho 
melamorphosia  of  sugar  into  alcohol  and  caroonic  acid,  as  well  m 
of  inducing  eremacsusiH,  and  also  propagating  a  putrefactiTe  do- 
cranposition  analogous  to  ite  own.  Tnus,  it  is  well  known  that 
fresh  cheese,  if  inoculated  with  decaying  cheeae,  aoon  passea  into 
decay,  spreading  from  the  seat  of  the  inoculation. 

We  Bhali,  hereafter,  see  that  it  is  probable  that  some  poiscms 
and  miasmata  act  as  ferments  on  the  blood.  The  singular  sausage 
poison  of  Wurt«mbnrg  is  animal  matter  in  a  peculiar  state  of  de< 
cay,  and  does  not  contun  any  poisonous  compound,  only  a  poison 
QMS  tiaie  or  cotidUion ;  and  the  same  principle  may  hereafter  ha 
found  to  furnish  the  true  eiplanatioii  of  contagions. 

Fermentation,  putrefaction,  and  eremacausis,  are  all  promoted  b^ 
the  same  circumstances,  and  arrested  by  the  same  influences.  Anti- 
septics arc  substances,  which,  by  combining  with  the  ferment,  or  a 
part  of  it,  or  even  with  the  body  to  be  fermented,  prevent  the  contin- 
ance  either  of  the  decomposition  in  the  ferment,  or  of  the  fermenta- 
tion itself.  Corrosive  sublimate  and  arsenic,  which  are  powerfol 
antiseptics,  combine  with  animal  matter,  and  form  with  it  stable 
compounds  ;  creosote  combines  energetically  with  albumen,  ieo. 

In  fermentation,  properly  so-called,  the  elements  of  the  ferment 
take  no  chemical  share  in  the  metamorphosis  of  the  body  acted  on 
hy  the  mechanical  agency  above  explained.  That  body  is  resolved 
into  two  or  more  new  compounds  of  less  complex  radicals.  Tha 
elements  of  water  may  or  may  not  take  part  in  the  change ;  when 
they  do,  aa  in  the  case  of  sngar,  the  weight  of  the  products,  in 
this  case  alcohol  and  carbonic  acid,  is  equal  to  that  of  the  sugar, 
pltu  a  certain  weight  of  water.  As,  when  the  water  is  passed  in 
vapor  over  carbon  at  a  white  heat,  the  carbon  is  shared  between 
the  oxygen  and  hydrogen,  producing  carbonic  acid  (or  oxide),  and 
carburetted  hydrogen,  so  in  the  metamorphosis  of  sngar,  and  other 
analogous  cases,  we  have  on  the  one  hand  an  oxidised  compound, 
(in  the  case  of  sugar  represented  by  carbonic  acid),  and  on  the 
other  a  compound  in  which  part  of  the  carbon  is  united  to  all  the 
hydrogen  (in  the  case  of  sugar,  the  alc<^ol).  Similar  results  are 
obtained  when  alcohol  or  acetic  acid  are  metamorphosed  by  heat, 
and  this  may  be  viewed  as  a  general  character  of  the  metamor* 
phosis  of  non-nitrogenixed  bodies  ; 'namely,  that  the  carbon  is 
divided  between  the  oxygen  and  hydrogen. 

In  putrefaction,  again,  the  ferment  plays  a  chemical  part  in  the 
change,  and  two  or  more  compounds,  the  ferment  and  the  putre- 
fying body  or  bodies,  combine  to  give  rise  to  new  compounds, 
with  or  without  the  elements  of  water.  Putrefaction  is  generally 
the  characteristic  transformation  of  nitrogenised  compounds,  and 
the  very  great  tendency  of  such  compounds  to  nndeigo  transform- 
ations is  well  illusta«ted  by  the  spontaneona  metamorphosis  of  a 
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■oladon  of  cyanogen  in  water.  Such  a  solution  contains  the  four 
principal  elements  of  organic  bodies  ;  and  its  transform ations  taay 
be  said  to  be  the  only  cose  of  putrefaction  nbich  lias  been  as  yet 
ckrefully  studied. 

The  solution  after  a  time  b<.>comes  brown  and  turbid,  and  de- 
posits a  dark  matter,  containing  ammonia,  united  to  a  compound 
formed  of  the  elements  of  cyanogen  along  with  those  of  water. 
This  matter  being  insoluble,  undergoes  no  further  change.  Such 
a  compound  might  arise  from  the  re-action  between  2  eq.  cyanogen, 
wd  4  eq.  water:  thus  8  Cj  N -|- 4H0  =  N  Hj +  (C.  HN  0.;| ; 
according  lo  some,  the  brown  matter  contains  no  ammonia,  and  is 
C«N.  HO  =  SC.  N  +  HO. 

Another  cbanj^  is  that  in  which  water  is  decomposed,  each  of 
its  elements  unitmg  with  cyanogen,  iind  producing  cyanic  and  hy- 
drocyanic Bcida:  thus.  8HO  +  2CjN  =  (C.  N,0-^-HO)^- 
H.  C,  N. 

Another  metamorphosis  gives  rise  to  oxalic  acid  and  ammonia. 
In  this  case,  I  eq.  cyanogen  acts  on  3  eq.  water  :  thus,  C»  N  + 
3HO  =  NHj  +  CiO,. 

But  cyanic  acid  cannot  exist  in  contact  with  water  nnd  other 
acids  :  it  is  instantly  metamorphosed  into  bicarbonate  of  ammonia: 
thus,  C,  N0  +  3H0  =  NH,+2C0,. 

Toward  the  end  of  the  process,  when  ammonia  has  become 
predominant,  ilic  cyanic  ncid  produced  undergoes  a  different  met- 
amorphosis. It  now  unites  with  water  and  ammonia,  and  may 
pos^bly  for  a  time  exist  as  hydraled  cyanatc  of  ammonia ;  but  at 
All  events  that  salt,  if  formed  at  all,  is  soon  transformed  into  urea : 
N  Hs  +  Cj  N  O  +  H  =0  C.  H,  K,  0,  =  urea. 

Again,  the  hydrocyanic  acid  gives  rise  lo  another  brdta  solid 
body,  containinii  cyanogen  or  paracyiinogcn  (possibly  mellone 
also),  and  hydrogen  ;  and,  along  with  tliis,  oxalic  acid,  urea,  and 
carbonic  acid,  by  metamorphoses  already  described. 

Lastly,  the  hydrocyanic  acid  in  contact  wilh  water,  and  an  acid 
or  an  alcali  (here  oxalic  acid  or  ammonia),  undergoes  another 
metamorphosis,  and  is  transformed  into  formic  acid  and  ammonia : 
thus,  H.  C.  N  +  4H0  =  NHs  4-C.  HOj,HO, 

Thus  cyanogen,  a  binary  compound,  along  with  water,  another 
binary  compound,  gives  rise  to  no  loss  than  eight  different  com- 
pounds :  l8t,  the  black  compound,  containing  the  elements  of  cy- 
anogen and  those  of  water,  possibly  Ct  U  Ni  0 ;  2d,  ammonia, 
N  Hi  ;  3d,  cyanic  acid,  H  O  C»  N  O ;  4th,  hydrocj^anic  acid, 
H,  Cs  N;  6th,  oxalic  acid,  Ci  Ot;  6tb,  carbonic  acid;  7th,  a 
brown  solid,  containing  cyanogen  (paracyanogen)  and  hydrogen  ; 
8th,  formic  acid,  Ci  H  Oj,  H  0  ;  and  in  addition  to  these,  thre« 
bodies,  formed  by  the  combination  of  two  of  the  above  eight,  and 
containing  all  the  four  elements  ;  namely,  9th,  oxalate  of  ammo- 
nia; lOtD,  Inc&rboiutte  of  ammooia ;  11th,  uiea. 
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This  sinking  example  is  well  adapted  to  give  a  clear  idea  of  the 
immeiise  variety  attainable,  when,  instead  of  two  binaiy  com- 
pounds, two  ternary  or  two  quartemary  compounds,  along  with 
water,  are  concerned  ;  and  of  the  slight  modifications  of  eiteraal 
circumstances  which  are  required  to  produce  results  so  varied, 
all  the  above  substances  being  produced  in  a  liquid  at  the  usual 
temperature. 

It  is  hoped  that  the  above  sketch  of  the  doctrine  of  the  chemical 
changes  and  metamorphoses  of  organic  compounds  will  suffice  to 
enable  the  student  to  (oUow  the  individual  processes  and  reactions, 
to  be  hereafter  mentioned,  which  owing  to  our  limited  space,  we 
must  treiLt  with  great  brevity.  We  shall  now  conclude  our  intn>- 
ductory  matter  by  some  general  observationa  on  the  doctrines  now 
held  by  many  chemists  on  the  subject  of  the  organic  adds  ;  after 
which  we  shall  enter  on  the  study  of  the  known  original  radicals. 
Oeoakic  Acina. 

The  acids  met  with  in  organic  chemistry  are  priDcipally  com- 
pounds of  carbon,  hydrogen,  and  oxygen,  although  some  do  cod- 
taiu  also  nitrogen.  They  ore  distinguished  from  inorganic  acids 
by  their  high  atomic  weight,  and  by  the  action  of  bent,  which  de- 
composes them  all.  As,  in  many  of  them,  the  oxygen  they  con- 
tain is  a  multiple  by  a  whole  number  of  the  oxygen  of  the  bases 
which  neutralize  them,  so  they  are  viewed  as  oiygea  acids  by  those 
who  conuder  true  sulphuric  acid  to  be  an  oxygen  acid,  SOi,  and 
oil  of  vitriol  to  be  its  hydrate,  UO,SO«.  In  the  case  of  acetic 
acid,  for  example,  the  formula  of  which  is  ( Ci  Hi )  Oj  H  0,  the 
compound  (Ci  Hi)  Oj,  unknown  in  aaeparate  form  is  called  dry 
acetic  kcid,  and  the  strong  acetic  acid  is  considered  as  its  hy- 
drate ;  and  the  analogy  is  supposed  to  be  fortified  by  the  fact  that 
dry  acetic  acid,  like  dry  sulphuric  acid,  contains  3  eq.  oxygen,  and 
neutralizes  1  eq.  of  base,  M  O,  containing  1  eq.  of  oxygen. 

But  a  careful  study  of  the  organic  acids  leads  us  to  apply  to 
them  the  same  theory  which  we  nave  already  adopted  for  the  inor- 
ganic acids,  and  to  consider  them  as  compounds  of  hydrogen,  with 
compound  radicals,  usually  consisting  of  carlxin,  hydrogen,  and 
oxygen.  On  this  veiw,  as  oil  of  vitriol  is  H,SOt,  the  strongest 
acetic  acid  is  H,  (Ct  Hi)  0«.  It  is  true  that  this  radical,  (C,  Hi) 
0(,  does  not  exist,  or  is  not  known  fn  the  separate  form  ;  but  the 
same  remark  applies  to  dir  acetic  acid,  (Ct  Hi)  Oi,  which  on  the 
old  view  is  supposed  to  be  combined  with  water,  for  it  also  ia 
unknown  in  the  separate  state. 

The  existence  of  compound  radicals  iti  organic  acids  is  not  more 
difficult  to  imagine  than  that  of  S  Ot  the  compound  radical  of  sul- 
phuric acid,  for  f  Ct  Hi }  Oi ,  only  differs  from  it  in  containing  three 
elements  initeaa  of  two :  indeed,  as  some  ternary  otgonic  radical! 
are  known  in  the  separate  form,  we  actually  derive  on  argumeot 
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from  organic  acids  in  favor  of  the  uxislcDce  of  compoottd  radicals 
in  inorganic  acids.  Thus,  the  radical  or  organic  nieUl,  caeodyle, 
fonns  cacodylic  acid. 

Bat  tre  tind,  among  or^nic  acids,  a  much  lar^r  proportion 
which  art:  bibasic,  tribasic,  in  short,  polybasic,  than  occurs  among 
inorganic  Hcids.  Rtiferring  to  what  was  said  of  the  monobasic, 
bibasic.  and  tribasic  phosphoric  acids,  it  will  be  easily  understood, 
that  while  ucetic  add,  for  example,  is  monobasic,  tartaric  acid,  ma- 
lic acid,  koroenic  acid,  alloianic  acid,  and  others  are  bibasic ;  that 
dtric  acid  and  meconic  acid  are  tribasic,  and  that  saccharic  acid  is 
quin  que  basic.  And  as  the  three  modifications  of  phosphoric  acid 
were  described  on  the  old  Tiew  as  monohyrated,  oihydrated,  and 
terhydr«led,  and  on  the  new  view,  as  cont^ning  respecliTely,  I,  2, 
and  3  eqs.  of  hydrogen,  replaceable  by  met^s,  so  tarlanc  acid 
may  be  either  Ci  H4  0«.  2H0,  or  Ci  H*  On,  Hi;  malic  acid 
may  be  C.  H.  0.,  2  HO,  or  C.  H.  0»,  H.;  and  so  on ;  while 
citne  acid  may  be  either  Gu H.  On,  3 HO,  or  diHi  Ou,Hi,  and 
meconic  add,  C>*  U  On,  3  H  O,  or  C>t  H  0»,  Hj ;  and  lastly,  sac- 
eharic  acid  may  be  GnHi  On,  BHO  ;  or  CiiHi  0»Hi. 

In  such  polybasic  adds,  there  is  always  some  hydrogen  in  the 
radical,  of  which  it  is  a  constituent,  and  some  combined  with  the 
radical,  and  replaceable  by  its  equivalent  of  metala.  It  is  only 
this  latter  hydrogen,  the  amount  of  which  affects  the  neutralising 
power  of  the  acid. 

Now,  among  the  phenomena  of  the  acticM)  of  bases  on  organic 
adds,  we  have  some  facts  which  seem  almost  to  demonslrala  the 
eiistence  of  this  replaceable  hydrogen,  as  such,  and  thus  to  estab- 
lish the  new  theory  of  acids.  *  Thos.  meconic  acid,  which  is  triba- 
sic, forms,  like  tribasic  phosphoric  acid,  three  series  of  Iblls,  in 
which  I,  2,  or  3  eq.  of  hydrogen,  are  replaced  by  metal.  But 
while  the  meconic  acid,  as  well  as  the  tribasic  phosphoric  add, 
readily  forms  with  oxide  of  the  silrer,  the  salt  in  which  all  th« 
hydrogen  is  replaced  by  silver  ;  it  cannot  form,  or  fonns  with 
difficulty,  a  similar  salt  with  potash,  with  which  it  forms,  Tery 
eadly,  salts,  with  1  and  2  eqs.  of  metal,  and  2  or  1  eqs.  of  hy- 

Here  we  have  the  apparent  contradiction  of  a  weak  base,  oxide 
of  silver,  neutralizing  the  acid  easily  and  completely;  while  a  strong 
base,  potash,  leaves  it  imperfecdy  neutralued.  This  cannot,  I 
think,  be  accounted  tor  on  the  old  riew,  and  many  similar  cases 
might  be  mentioned.  On  the  new  view,  sneli  apparent  ai 
disappear '.  for  since  the  neutralising  depends  on  the  teplai 
of  hydrogen  by  a  metal,  it  is  evident  that  an  onde  whicn  is  easily 
reduced,  or  deprived  of  its  oxygen  by  hydrt^n,  like  oxide  of  m- 
ver,  will  most  easily  neutralise  acid,  while  a  diffienltly  rednuble 
oxide,  sneh  as  potash,  cannot  be  so  far  redoced  aa  to  yield  3  eq. 
(tf  metal,  u>  as  to  form  the  neutral  aalL 
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There  are  other  kinils  of  organic  acids  which  are  what  may  be 
called  coupled  acids ;  that  is  U>  eay  tliey  conlain  an  acid  t^npled 
with  another  Ixidy,  which  docs  not  neutralize  the  acid,  but  ocoom- 
panies  it  in  all  its  combinations.  Thus,  in  hyposulphonapth&lic 
acid,  O  Ht  Si  Oi,  HO,  we  hiive  hypoMitphuric  acid,  81  0*. 
coupled  with  naptbaline,  Cm  Hi,  and  the  coupled  acid  neutraliiea 
exactly  aa  much  base  as  the  hypoaulpburic  acid  alone  would  do. 
Again,  formobenzoilic  acid,  Cii  Hi  0>,  H  0,  may  be  viewed  as  a 
coupled  acid,  consistiiig  of  formic  acid  Oi  H  Oi,  H  0,  and  oil  of 
bitt«r  almonds  (hyduret  of  benzoyle)  Ci4  Hi  Oi,  which  neutrojiiea 
just  as  much  base  as  the  formic  acid  alone.  Those  coupled  acid* 
which  contain  hypoaulphnrtc  acid,  as  is  often  the  case,  are  formed 
by  the  action  of  oil  of  vitriol,  or  of  anhydrous  sulphuric  acid,  on 
organic  bodies,  when  2  eq.  of  acid,  losing  1  eq.  of  oxygen,  form 
hyposulphuric  acid ;  which  commonly  unites  with  the  organic  mat- 
ter minus  1  eq.  hydrogen,  that  hydrogen  having  combined  with  the 
oxygen  derived  from  the  sulphuric  acid. 

In  the  following  pages  we  shall  adopt  the  arrangement  of  Liebig, 
which  has  the  advantage  of  uniting  those  substances  which  are 
naturally  allied  in  composition.  It  proceeds,  in  the  first  place,  oa 
Ihe  principle  of  describing,  under  each  known  or  admitted  organic 
radical,  all  the  compounds  derived  from  an  closely  connected  with 
it.  After  having  gone  through  these,  it  taket  up  the  consideration 
of  the  beat  known  organic  acids,  including  the  otiy  acids;  then  the 
neutral  oils,  fat,  and  essential ;  the  resms  ;  the  non-nitrogenous 
coloring  mattera,  bitter  and  extractive  principles,  nitrogenized 
coloring  matters,  and  their  congeners  ;  the  organic  bases  ;  starch  ; 
gum  ;  woody  fibre  ;  destructive  distillation  of  wood,  of  lignite,  of 
coal ;  nitrogenized  and  sulphurized  vegetable  principles,  aibumeD, 
&c,  the  modifications  of  these  in  the  animal  kingdom  ;  bile  ;  ner- 
vous matter;  gastric  juice;  saliva;  excrements;  urine;  blood; 
lyraph,  die.  And  the  whole  is  wound  up  with  ctmside rations  on 
the  nutrition  of  plants  and  animals. 

This  arrangement  is  not  a  scientific  one,  and  in  the  present  state 
of  our  knowledge  such  an  arrangement  is,  I  fear,  unattunable. 
But  it  is  very  convenient,  and,  by  judicious  grouping,  very  much 
fiuilitates  the  teaming  and  the  retaming  in  the  memory  of  the  im- 
mense mass  of  facte  which  at  present  constitute  organic  chemistry. 

We  proceed,  therefore,  to  consider  those  oi^anic  radicals  which 
are  admitted  by  the  best  authorities,  although  they  are  not  always 
known  in  the  separate  stale.  The  fir^t  compound  radicals  that 
attract  our  attention  are  certain  binary  ones,  already  mentioned  as 
binary  compounds,  bat  not  in  their  character  of  radicals,  in  the 
first  part  of  this  work ;  these  ore  amide  or  amidogen,  cyanogen, 
and  carbonic  oxide. 
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I.  Amide.     N  Ht  =  Ad=  16-19. 

j8tn.  Amidogen.  —  It  has  already  been  mentioned  that  certain 
compounds  exist,  in  which  we  can  hardly  doubt  that  this  substance 
is  present.    Thus,  potassium  or  sodium,  heated  in  dry  ammoniacal 
gas,  disengages  1  eq.  of  hydrogen,  forming  the  compound  K  N  Hi 
or  NaNHs.     When  these  are  put  into  water,  potash  or  soda  is 
formed,  while  ammonia  is  set  free :  K,  NH2  +  H0  =  K0  +  N 
Ha.      Again,  when  oxalate  of  ammonia,  N  H3,  H  O,  Ca  O3    is 
heated,  there  are  formed,  water  which  distils  over,  and  the  com- 
pound NHa  Ca  Oa  which  remains  behind :  thus,  NH3,  HO,  Cs, 
03  =  2HO+NHa  Ca  Oa.      The    latter  compound   is  called 
oxamide,  and  is  a  sparingly  soluble  white  powder,  neutral  or  indif- 
ferent in  itself,  but  yielding,  when  digested  with  analcali,  ammonia, 
which  escapes,  and  oxalic  acid,  which  combines  with  the  alcali. 
Or  if  oxamide  be  heated  with  diluted  sulphuric  acid,  it  yields 
ammonia  which   combines  with  the  acid,  and  oxalic  acid  which 
crystallizes  in  cooling.     In  both  cases,  water  is  decomposed :  thus, 
NHa  Ca  03  +  2HO  =  NH3,  HO  +  Ca  Oa. 

Now  oxamide  is  interesting,  as  being  the  type  of  a  class  of  com- 
pounds, all  of  which,  wheii  heated  with  an  idcali  or  an  acid,  yield 
ammonia  and  an  acid,  the  ammonia  and  the  anyhdrous  acid 
together  containing  just  1  or  2  eqs.  of  water  more  than  the  com- 
pound which,  with  the  aid  of  water,  has  yielded  them.  If  we 
consider  oxamide  as  N  Ha  4-  Ca  Oa  ;  that  is,  as  composed  of  amide 
(or  ammonia  minus  hydrogen  N  Ha ),  and  the  radical  carbonic 
oxide  (or  oxalic  acid  minus  oxygen  Ca  Oa  )»  then  all  its  congeners 
are  likewise  compounds  of  amide,  on  the  one  hand,  and  an  anhy- 
drous organic  acid,  minus  oxygen,  on  the  other.  On  this  view 
lienzamide  is  benzoate  of  ammonia,  minus  water,  (NHs-l-  d*  Hi 
O3 ,  H  O)  —  2  H  0  =  N  Ha  +  Ci4  Hs  Oa  ;  or  it  is  amide  ^us 
benzoyle  (the  radical  of  benzoic  acid,  (Ci*Hs  Oa).  Therefore, 
when  benzamide  is  acted  on  by  potash,  ammonia  is  given  off,  and 
benzoate  of  potash  is  left ;  and  when  it  is  heated  with  an  acid,  a 
salt  of  that  acid  with  ammonia  is  obtained,  while  benzoic  acid 
crystallizes.  There  are  a  good  many  similar  compounds  which 
are  called  amides,  and  are  viewed  as  compounds  of  amide. 

It  is  obvious  that  the  distinctive  characters  of  amide,  which  is 
not  known  in  the  separate  form,  are  its  powerful  affinity  for  hydro- 
gen, and  its  equally  strong  tendency  to  combine  with  radicals  which 
have  a  very  great  affinity  for  oxygen,  such  as  those  already  men- 
tioned, potassium,  sodium,  the  radical  Ca  Oa,  and  the  radical 
benzoyle.  It  is  probably,  on  accoimt  of  its  having  so  great  an 
affinity  for  elements  of  the  most  opposite  kind,  that  we  cannot 
obtain  it  in  the  separate  form. 

With  hydrogen  amide  forms  two  compounds,  ammonia,  Ad  H, 
and  ammonium,  Ad  Ha .    The  former  may  be  called,  in  this  view. 
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hydramide.  Ttie  Utter  (m  has  been  already  explained  at  p.  88) 
is  considered  to  be  a  compound  melal. 

It  is  very  remarkable,  that  when  ammonia  or  hydramide  mtm- 
bines  with  an  acid,  the  resulting  compound  is  not  a  talt,  nnlew 
the  acid  contain  hydrogen.  Thns,  hydramide,  nith  dry  lulpburio, 
wid,  SOi,  forms  a  compound  nbich  is  not  sulphate  of  ammonia, 
md  i»  not  a  salt  at  all.  But  if,  instead  of  SO*,  we  employ  oil  of 
vitriol,  HO,  S Oi ,  or  H,  S O4 ,  sulphate  of  ammonia,  a  true  salt, 
is  obt^Qed. 

Here  we  may  conclude  that  Ad  H,  in  contact  with  H,  8O4, 
takes  the  hydrogen,  forming  ammonium,  and  that  the  resulting  salt 
is  composed  of  Ad  Hi -|- SOt;  that  is,  a  metal  combined  with 
the  sulphuric  add  radical,  just  as  sulphate  of  potash  is  K,  SOt. 
In  all  true  salts  of  ammonia,  therefore.  Ad  Hi  ^  Am  (ammo* 
nium)  occupies  the  place  of  a  metal,  and  may  be  replaced  by  a 
metal ;  and  even  if  we  consider  sulphate  of  potash  to  be  K  O,  8  O*. 
we  have  only  to  view  the  sulphate  of  ammonia  as  N  Hi  0,  S  0* 
=  AdHt  O,  SOi  =  Am  O,  8O3,  that  is,  sulphate  of  oxide  of 
ammonium. 

It  must  be  borne  in  mind,  however,  that  although  all  the  chemi- 
cal relations  of  these  compounds  confirm  the  ammonium  theory, 
yet  neither  ammonium  nor  its  oxide  are  capable  of  existing  uncom- 
Dioed  ;  for  ammonium,  when  separated,  ia  resolved  into  ammonia 
and  hydrogen  ;  and  oxide  of  ammonium,  when  separated,  assumes 
the  forms  of  ammonia  and  water. 

Of  the  chief  compounds  of  amide,  ammonia  or  hydramide  has 
been  previously  described.  It  remains  for  us  to  direct  attention  (o 
this  substance  as  constantly  present  in  the  atmosphere  in  minute 
quantity,  from  whence  it  descends  in  the  nun,  b«ios  an  absolutely 
tadispensable  agent  in  vegetation.  We  have  alreaify  seen  that  the 
patn&ction  and  eremaucausis  of  nitnwenized  compounds  yields 
carbonate  of  ammQuia  as  a  product.  Its  presence  in  the  air  is 
therefore  certain,  a  priori,  even  althongh  we  cannot  detect  it  until 
it  ia  condensed  and  accumulated  in  rain.  It  is,  however,  absorbed 
from  the  air  by  almost  all  minerals  and  stuls,  especially  aluminous 
and  ferruginous  soils  :  hence  _ft  trace  of  amm(»ua  is  often  fonnd 
where  it  is  not  expected,  and  where  it  has  been  erroneously 
believed  to  have  been  formed  by  the  direct  union  of  hydrogen  and 

This  is  the  true  explanation  of  the  very  remarkable  and  accurate 
experimenta  of  Faraday,  which  have  lately  been  confirmed  by 
Will  and  Varrentrapp. 

As  an  ingredient  of  manures,  ammonia  is  most  valuable.  Its 
action  on  growing  vegetables  will  be  hereafter  explained. 

Ammonia  forms  a  large  number  of  compounds  with  the  oxidea 
of  metals,  the  chlorides  of  metals,  of  sulphur,  and  of  phosphorus, 
and  finally  with  salts  in  general.    These  belongratber  to  inofgania 
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chemistry,  and  the  limited  size  of  this  work  forbids  us  to  describe 
them  in  detail. 

Bat  it  is  proper  here  briefly  to  notice  the  compounds  formed  by 
amide  with  metals,  inasmuch   as  amide   is  here  viewed  as  an 
,  organic  radical,  and  some  of  these  compounds  are  very  impcMrturt 
in  reference  to  organic  chemistry. 

Amide  then  forms  compounds  with  potassium,  sodium,  mercurjTy 
copper,  silver,  and  platinum.  The  two  former  are  of  a  greenish 
olive  color,  and  their  action  on  water  has  been  described  above. 
The  amide  or  amidide  of  mercury,  Hg  Ad,  is  not  known  in  a 
separate  state,  but  forms  with  bichloride  of  mercury  the  salt  called 
white  precipitate,  Hg  Ad  +  H^  Cls. 

This  salt  is  prepared  by  adding  ammonia  to  a  solution  of  bichlo- 
ride of  mercury.  When  boiled  with  potash,  it  yields  another  salt, 
Hg  Ad  +  Hg  Cls+  Hg  Oa.  The  amidide  of  mercury  also  com- 
bines with  the  basic  sulphate,  and  the  basic  nitrates  of  the  same 
metal,  forming  with  the  basic  protonitrate,  the  soluble  mercury  <^ 
Hahnemann. 

The  amidide  of  copper.  Ad,  Cu,  is  only  known  in  combination 
with  the  hyposulphate  and  with  the  nitrate  of  ammonia. 

The  amidide  of  silver,  Ag  Ad,  is  known  in  combination  with  the 
nitrate,  sulphate,  seleniate  and  chromate  of  ammonia. 

But  it  is  the  amidide  of  platinum  which  offers  the  greatest  interest^ 
as  it  gives  rise  to  several  very  singular  compounds,  exhibiting  tbe 
characters  of  verv  powerful  bases.  These  remarkable  subetances 
have  been  studied  by  Gros,  Reiset,  and  very  recently  by  Peyrone, 
but  are  yet  far  from  being  understood.  We  shall  endeavor  briefly 
to  state  what  is  known  of  them. 

When  bichloride  of  platinum,  Pt  Cla ,  is  heated  for  some  time  to 
nearly  the  melUng  point  of  tin,  it  loses  half  its  chlorine,  and  1i 
converted  into  protochloride,  Pt  CI,  which  forms  a  powdeft«f  a 
dirty  brownish  green  color,  insoluble  in  water.  By  continiied 
digestion  in  ammonia,  with  the  aid  of  heat,  the  protochloride  is 
first  changed  into  a  ^een  crystalline  compound,  which  finally 
dissolves  entirely,  forming  a  yellowish  solution,  which  on  evaporn* 
tion  deposits  yellowish  white  prismatic  crystals.  The  green 
crystaline  compound,  discovered  by  Magnus,  contains  the  elements 
of  protochloride  of  platinum  and  thbae  of  ammonia,  Pt  CI  NHs; 
the  yellowish  white  crystals,  discovered  by  Reiset,  contain  twice  as 
much  ammonia  and  the  elements  of  water,  Pt  CI,  2N  Ha  -}~  ^* 

These  two  compounds  are  very  remarkable :  neither  of  them  con- 
tains ammonia  as  such  ;  both  are  insoluble  in  hydrochloric  and 
dilute  sulphuric  acids.  But  the  green  compound  of  Magnus  dis- 
solves in  nitric  acid,  with  evolution  of  nitrous  acid,  and  the  solution, 
on  cooling,  deposits  white  crystalline  scales,  while  the  liquid  con- 
tains no  ammonia.  These  white  scales,  discovered  by  Gros,  are 
the  nitrate  of  a  new  base,  PtCl  Na  He  O  ;  which  may  be  derived 
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from  K  eq.  of  Ae  insoluble  compound  of  Magnuv,  Pti  CI*  N*  H*. 
by  the  loss  of  1  eq.  of  proiochloride  of  platinum,  and  the  ad- 
dition of  1  eq.  of  oxygen.  This  base  acU  exactly  like  th«  tesic 
oxide  of  a  metal,  or  like  oxide  of  ammoninni,  N  Ht  0,  combining 
with  acids  and  forming  neutral  aalU.  It  not  onlj  forma  salts  witK 
nitric  nnd  sulplmric  acids  and  the  like,  but  with  hydrochloric  acid 
H  yields  a  heavy  crystalline  powder,  which  is  a  chloride,  bearing 
the  same  relation  to  the  base  as  chloride  of  ammonium,  N  Ht  t^ 
(sal  ammoniac),  does  to  oxide  of  ammoninm.  This  chlo^e, 
therefore,  is  Pt  CI  Ni  H*  CI,  and  the  radical  of  the  oxide  or  base 
and  of  the  chloride,  will  be  Pt  CI  Ni  Ha,  corresponding  to  ammo- 
nium, NHt.  Although  Oros  did  not  isolate  either  the  radical  or 
its  oxide,  yet  from  the  characters  and  composition  of  its  salts  there 
can  be  no  doubt  of  its  existence.  If  we  represent  this  radical,  Pt 
a  Ns  H<  by  B,  then  we  have  - 

RO  =  oxide,  the  base  of  the  salts,  analo^us  to  KOorNH* 
RO+BOi  =  R+BOi=:HDlpbate,  analogous  to  K,  SO* 
RO  +  NOt^R  +  N  0*s nitrate,  analogous  to K, N O* 
R  CI  =  chloride,  analogoDs  to  K  CI  or  N  H*,  CI. 
The  soluble  crystalline  compound  of  ReiseC,  Pt  CI  Nj  Hi  -f  aq,, 
when  heated  to  218°,  becomes  anhydrous,  and  is  then  PtCINi, 
Hi,  that  is,  it  has  the  same  composition  as  the  radical  of  the  baae 
and  salts  of  Oros.     But  it  is  not  this  radical ;  on  the  contrary,  it 
is  the  chloride  of  a  different  radical,  PtN*  H«,  and  its  true  form- 
ula is  PtN.  H.+  CI. 

This  new  radical  ie  also  perfectly  Baalogoos  to  ammonium,  as 
may  be  exhibited  in  a  tabular  form  as  follows. 


. 

ChlOllD. 

Con.p'nd. 

Bolpb.).. 

NItnM. 

DnDbli  CbloTidh 
mtb  PlkUDom. 

5^.  \  P'N.H.=R 

Am  CI 
R'Cl 

Am  SO* 
R'SOt 

Am  NO. 
R'NO. 

Am  CI  +  Pi  a* 
R'CI+PtCI, 

Intbecaseof  ammonium,  we  cannot  isolate  the  oxide  Am  0=N 
H*  O,  as  it  instantly  resolves  itself  into  ammonia  and  water,  N  Ha 
+  H  0.  Bat  the  oxide  of  Bcisei's  platinum  radical,  R'  0,  =>e  Pt 
N>  H>  0,  or  rather  its  bydiate^tfi'i  H*  0  +  aq..  is  easily  obtained 
from  the  sulphate  by  addiojf^nst  so  much  baryta  as  will  remore 
the  salphnric  acid,  and  evaporating  the  filtered  solution  in  raeuo, 
when  the  hydrated  oxide  crystalliies  in  colorless  needles.  This 
compound  is  strikingly  analogous  to  hydrate  of  potash  ;  it  is  a  pow- 
erfal  caustic,  atb-acts  carbonic  acid  from  the  air  as  strongly  as 
potash,  and  exhibila  all  the  chemical  characters  of  one  of  the 
stroDEett  alcalies.  Few  compounds  are  so  remarkable  as  this  base. 
W«  shall  call  it  the  base  a. 

This  singular  compound  may  be  viewed  as  containing  the  ele- 
Bi«ntB  of  protexide  of  platinum,  ammooia  and  water,  PtO,  2N 
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Hs,  HO.  When  heated  to  SIS'",  it  loses  its  water  and  half  its 
ammonia,  leaving  a  compound  PtNHs  0,  or  PtO,  NHs,  which 
appears  to  be  another  new  base  b,  combining  with  acids  and  form- 
ing salts  which  detonate  when  heated.  This  last  compound,  when 
heated  in  the  air,  bums  like  tinder,  and  leaves  metallic  platinum. 
It  is  the  oxide  of  a  third  radical,  b,  =  Ft  N  Hs. 

With  hydrochloric  acid,  the  base  a  of  Reiset  yields  water,  and 
the  original  chlorine  compound:  thus,  PtNs  He,  O  +  H  CI  =  Ft 
Na  He,  CI  +  H  0.  When  this  chloride  is  heated  to  from  266''  to 
290°,  it  loses  ammonia  and  there  is  left  a  yellow  powder,  discov- 
ered by  Fcyrone,  which  dissolves  easily  in  hot  water,  and  has  the 
composition  of  the  green  insoluble  crystalline  compound  of  Magnus, 
FtClN  Hs,  of  which  it  is  an  isomeric  modification.  Indeed,  the 
compound  of  Magnus,  (although  insoluble  in  hot  water),  if  boiled 
with  a  saturated  solution  of  sulphate  or  nitrate  of  ammonia,  dis- 
solves, and  is  deposited,  on  cooling;,  in  yellow  crystals.  The  yellow 
ammoniated  protochloride  of  platinum  of  Peyrone  readily  dissolves 
in  ammonia,  and  the  solution  yields  fine  colorless  prisms  of  the 
original  chlorine  compound  of  Reiset,  but  apparently  not  containing 
1  eq.  of  water  of  crystallization,  which  is  said  to  be  present  in  the 
yellowish -white  crystals  obtained  by  Reiset  from  the  green  com- 
pound of  Magnus. 

When  the  yellow  compound  of  Peyrone  is  acted  on  by  nitrate  of 
silver,  it  yields  chloride  of  silver,  and  two  new  compounds  containing 
nitric  acid  and  platinum,  one  of  which  forms  yellow  octahedrons. 

If  the  sulphate  of  Reiset's  base,  PtNa  He+S04,  be  acted  on 
by  iodide  of  barium,  Ba  I,  there  b  formed  sulphate  of  baryta,  Ba 
S  O4,  and  a  protoiodide  of  Reiset's  radical,  a,  Pt  Ns  He ,  I.  This 
iodide  is  soluble  and  crystallizable,  and  when  boiled  with  water 
loses  ammonia,  while  a  new  iodine  compound  is  precipitated,  PiN 
Ha,  I,  corresponding  to  the  chlorine  compound  of  Peyrone  and  to 
that  of  Magnus,  both  of  which  are  PtN  rls  CI. 

This  new  iodine  compound  seems  to  be  the  iodide  of  the  third 
radical,  b,  Pt  N  Hs ;  for  when  acted  on  by  nitrate  or  sulphate  of 
silver,  it  yields  iodide  of  silver,  and  a  nitrate  or  sulphate  of  this 
new  radical  or  of  its  oxide,  Pt  N Hs,  I-f  Ag,  S  O4  =  Ft N Hs,  8 
04+AgI;  andPtNHs,I+Aff,N06=PtNHs,N06-f  Agl. 
These  new  salts  may  of  course  be  represented  as  FtNHs,  O  + 
S  O3,  and  Ft  N  Hs,  O  +  N  0«.  With  ammonia,  these  salts  yield 
tlie  nitrate  and  sulphate  of  Reiset's  base,  a  ;  and  with  hydrochloric 
acid  they  yield  the  yellow  compound  of  Peyrone.  This  would 
indicate  that  the  latter  compound  is  FtNHs,  CI,  the  chloride  of 
the  radical  FtNHs,  while  the  peen  salt  of  Magnus  may  be  the 
ammoniated  protochloride  of  platmum  Ft  CI  +  N  Hs,  or  probably 
FtCl,NH3  +  aq. 

Here  we  have  at  all  events,  three  very  remarkable  compoundsv 
which  contain  platinum  and  the  elemente  of  ammonia,    lliere  ia. 
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fintt,  the  radic«l  b  last  described,  PtN  Hi;  secoodlf,  the  radical 
of  Beiaet'B  base,  o,  PtNi  H4;  and  thirdlv,  tlie  radical  of  Oros'a 
base.  L'lClNaHt. 

Now  we  have  given  the  faislory  of  IheHO  compouDds  agmewhat 
mioutely,  because  their  existence  throns  much  light  on  the  oature 
of  a  numerous  and  important  class  of  bodies,  namely,  the  vegetable 
bases  or  alcaloids. 

It  will  be  observed,  then,  thai  the  three  new  radicals  above 
described  all  contain  nitrogen ;  indeed,  all  contain  the  element*  of 
ammonia,  and  are  in  their  chemical  relations  entirely  analogous  to 
Thus  we  have 


I 


AmmoDiuni 

lUdleiilof  . 

Rebet'i 


NH4 
PtNUl 

PtNlHt 

PiCIN«H. 


NH4-fO 
PtNHi+O 

PtNiH.+O 

PtCIN.H.-|-0 


NH*+CI 
PtNHj+CI 

PtNiHt-t-Cl 

PlClNiHt+Ci 


NH*-|-SO. 
PtNHi-|-S04 

PtN>H.4-S0< 

TSO, 
PtClNlka-l- 


That  the  above  fonnule  represent  in  some  respects  truly  the 
relation  of  these  new  bases  to  one  another  is  rendered  probable 
br  the  fact  that,  while  the  radical  and  base  b  of  Retset  differ  from 
hia  radical  and  base  a,  by  coutaioiag  1  eq.  of  ammonia  less,  and 
these  last  from  those  of  Oros  by  containg  1  eq.  of  chlorine  less, 
we  can  actually  transform  the  salts  of  Rciset's  base  A  into  those  of 
bis  base  a,  by  the  addidon  of  ammonia  ;  and  the  nitrate  of  Rei- 
set's  base  a,  by  the  addition  of  chlorine,  yields  a  salt  having  the 
properties  of  the  nitrate  of  Gros's  base. 

Now  we  have  seen  that  ammonium  may  be  viewed  as  a  com- 
pound of  amide,  as  N  Hi  -j-  Ht  =  Ad  Hi .  May  we  not,  therefore, 
suppose  the  new  radicals  to  be  also  compounds  of  amide  ?  May  not 
It«iset's  radical  b  be  ammonium,  in  which  I  eq.  of  hydrogen  has 
been  replaced  by  1  eq.of  platinum,  Ad  |p^,  Agun,  just  as  we 
have  seen  io  acids,  viewed  as  hydrogen  compounds,  analogous 
elements  added  to  the  radical  without  affecting  the  neutralising 
power  of  the  acid,  which  remains  the  same  as  long  as  the  rtplact- 
abU  hydrogen  continues  unchanged,  we  can  suppose  amide  to  be 
a  basic  raSieat,  forming  with  hydrogen  the  base  ammonia,  but 
capable  of  taking  up  into  the  radical  anal<^us  elements  without 
anecting  the  basic  character  of  the  ammonia,  because  we  hare 
now  the  hydrogen  compound  of  an  analogous,  but  more  complex 
buic  radical.     On  this  view,  Beiset's  radical  h,  may  be  the  hydro- 
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monia  whicb  we  have  seen  to  exist  in  the  compound  plalinom 
bases.  Moreover,  like  these  bases,  the  aloaloids  do  not  appear  to 
contain  amraonia  at  wek;  and  the  probability  is  verj-  great  that 
their  constitution  is  analogous  to  that  of  the"  bases  now  described. 
Recent  researches  by  BerEelins,  not  yet  published,  are  said  to  have 
established  that  the  organic  bases  contun  ammonia,  coupled  with 
other  c<»npoaQds. 

IL  Cakbobic  Oxide  (sa  a  Radical).  CiOi  =  38-106. 
StH.  Oxalyle.  —  There  is  good  reason  to  believe  that  the 
radical  of  oxalic  add  is  formed  of  2  eq.  of  carbonic  oxide.  It 
has  long  been  known  that  carbonic  oxide,  in  the  ann's  light,  com- 
bines wilh  chlorine  to  form  phosgene  gas  or  chlorocarbooic  add, 
C  0,  CI,  or  C(  Oi ,  Cli .  This  compound  may  bo  viewed  as  the 
chloride  of  the  radical  C>  Oi,  or  as  carbooio  add  in  which  1  eq. 
of  oxygen  is  replaced  by  chlorine,  C  J™  corresponding  to  C  -Jq 
or  GOi.  But  the  existence  of  this  radical  is  more  securely 
inferred  from  the  combinations  it  forms  with  oxygen,  potassiam, 
and  amide. 

OABBOmO  OZIDB  ASD  OXTGUI. 

1.  Oxalic  Acid.   (Ct  Oi)  O  +  HO,  or  Ci  Ot,  H=44'132. 

This  add  occurs  in  nature,  generally  in  lite  form  of  an  add 
oxalate  of  potash  in  certain  vegetable  juices,  such  as  that  of  oxalis 
acetosella,  also  as  oxalate  of  lime  in  many  lichens.  It  is  formed 
artiGcially  by  the  action  of  nitric  acid  on  sngar,  starch,  and  many 
Other  organic  compounds ;  also  by  the  action  of  hy permanganate 
oi  potaw  on  sugar,  Ac. 

To  prepare  it,  one  part  of  pure  starch  is  gently  heated  with  8 
parts  of  nitric  acid,  Sp.  G.  1'20  or  1'26.  A  very  energetic  reaction 
ensues,  and  much  nitrous  acid  is  disengaged  ;  when  this  slackens, 
heat  is  applied,  and  continued  till  no  more  red  vapors  appear,  when 
the  liqoid,  if  suffidently  evaponUed,  deposits,  on  coolmg,  a  large 
quantity  of  crystals  of  hydrated  oxalic  acid.  These  are  dried  on  a 
porous  tile,  to  remove  the  mother  liquor  which  contains  much  free 
nitric  acid,  saccharic  acid,  and  other  products.  The  dried  crystals 
being  dissolved  in  a  little  hot  water,  the  solution,  on  cooling,  depos- 
its pure  oxalic  add  in  four-sided  prisms,  which  are  colorless,  very 
add,  very  soluble  in  hot  water,  moderately  so  in  cold  water. 
These  crystals  contain  3  eq.  of  water  of  cryatalliiation,  C*  Oi, 
H  0  -}*  3  aq.  When  sharply  heated,  a  part  sublimes  as  dry  acid, 
Gi  Oi,  H  O.  Oxalic  add  is  destroyed  by  heat  without  blackening, 
which  serves  to  distinguish  it  from  most  other  organic  adds. 

It  is  very  ixHBonoui,  and  is  the  cause  of  many  fatal  acddents 
from  its  similarity  to  Epsom  salts,  from  which,  however,  it  is  easily 
distinguished  by  ita  tviy  soar  taste.    The  best  antidote  is  prcfwred 
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chalk  administered  in  water,  which  forms  the  insoluble  and  inert 
oxalate  of  lime.  It  is  easily  detected  by  forming  with  lime-water, 
or  a  soluble  salt  of  lime»  if  no  free  acid  be  present^  the  rery  insolu- 
ble oxalate  of  lime,  which  when  dried  and  heated  to  low  redness  is 
converted,  without  blackening,  into  carbonate  of  lime. 

When  oxalic  acid,  or  any  of  its  salts,  is  heated  with  oil  of  vitriol 
in  excess,  a  brisk  effervescence  takes  place,  and  the  gas  given  off 
is  a  mixture  of  equal  volumes  of  carbonic  acid  and  carbonic  oxide. 
This  character  furnishes  another  s^ood  means  of  recognising  oxalic 
acid.  The  reaction  is  very  simple,  for  Cs  Os,  H  O  +  H  0.  8  Os 
s=(S034.2H0)+C0  +  C0>.  The  sulphuric  acid  aeiies  the 
whole  of  Uie  water,  and  the  anhydrous  oxalic  acid,  Ca  Os  cannot 
exist  in  the  separate  state. 

When  the  oxalates  of  certain  protoxides,  as  those  of  cobalt  and 
nickel,  are  heated  in  close  vessels,  the  metal  is  left ;  carbonic  acid 
being  given  off :  Co  O,  Ca  Os  =  C  O  +  S  C  Os.  Other  oxalates, 
as  that  of  manganese,  nve  off  carbonic  acid  and  carbonic  oxide, 
leaving  the  protoxide  <J  the  metal,  Mn  O,  Ca  Os  =  Ifn  O  +  C  O 
-t-COi. 

Oxalic  acid  forms  salts  with  bases,  many  of  which  are  inadable. 
The  insolubility  of  the  oxalate  of  lime  renders  oxalic  acid  useful 
as  a  test  for  lime,  and  as  a  means  of  separating  it,  and  determining^ 
its  quantity,  in  analysis.  As  a  test,  it  is  commonly  used  in  the 
form  of  oxalate  of  ammonia.  It  can  only  detect  Mmft  m  nentnl  or 
alcaline  fluids,  the  oxalate  of  lime  being  soluble  in 


The  formation  of  oxahc  acid  by  the  action  of  oxidiiing  ^(cnti 
on  organic  matters,  is  a  partial  oxidation  of  their  carbon ;  when 
that  oxidation  is  complete,  carbonic  acid  is  the  resulL  Tbe  action 
of  nitric  acid  on  starch  or  sugar  is  complicated,  and  not  so  well 
understood  as  to  admit  of  being  expressed  in  the  kma  oC  an 
equation  :  but  the  oxidation  of  sugar  by  permanganate  of  pofcask 
is  verv  simple,  and  is  thus  represented.  Ch  Ha  0«  +  6  (K O,  Mna 
07)  =  6(KO,  CaOa)+10HO+  ISMnOa;  thatis,  leq.of 
anhydrous  sugar,  with  6  eq.  of  the  permanganate,  produces  6  eq. 
of  oxalate  of  potash,  10  eq.  of  water,  and  IS  eq.  of  peroixide  of 
manganese. 

The  most  important  oxalates  are  those  of  potash,  lime,  and 
ammonia.  There  are  three  oinlates  of  potash ;  the  nentiml  oxalate, 
K  O.  C^  0»  +  aq. :  the  binoxalate.  K  6,  Ca  O,  +  HO,  Ca  Oj  + 
«aq:  and  the  qnadroxalate.  K  O.  Ca  Oa  +  5(H0,  Ca  Oa  -r4aq. 
The  double  oxalate  of  potash  and  oxide  of  chrosainm.  described  by 
■fee  some  years  since,  forms  crystals  which  are  black  by  reflected, 
deep  blue  by  transmitted  light.  The  soludon  is  green  and  red  si 
the  same  time  by  day-light,  crimson  red  by  candle>lighL  :^  D. 
Brewster  has  descnbed,  in  the  £dm.  Pkil,  Thms^  the 
remarkable  optical  ptopefties  of  this  sah.     Tbe  osalnle  of 
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Co,  0,  Ci  O]  +  2  Hq.  The  oxalate  of  silver  A.g  0,  C*  Oi,  deto- 
nates whnn  bented,  yielding,  like  aevertil  other  oialat«s  of  dt« 
noble  metals,  carbonic  acid,  and  tbe  metal.  The  oiakte  of  am- 
monia, N  Ht  0,  Ci  Oi  +  aq.  ia  much  used  as  a  test.  It  crystal- 
lizes very  readily.  When  heikted,  it  gives  rise  to  a  very  remarkable 
compound,  namely,  ozamide,  which  is  the  type  of  a  class.  We 
shall  here  consider  it. 

Oxamide.     Ci  Ht  N  0>  =  Ci  O  +  N  Hi  =  44-3M. 

When  oxalate  of  ammonia  is  heated  in  a  retort,  it  gives  rise  to 
a  variety  of  products,  and  Among  these,  to  a  while  crystalline 
powder,  insoluble  in  cold  water,  which  is  oxamide.  It  may  be 
formed  far  more  abundantly  by  the  action  of  ammonia  in  solution 
on  oxalate  of  oxide  of  eliiyle,  or  oxalic  ether.  (See  oxalate  of 
oxide  of  ethyle.) 

The  remarkable  character  of  oxamide  is,  that  while  itself  neu- 
tral, and  certainly  containing  neither  oxalic  acid  nor  ammonia,  it  is 
easily  convcrl«d  into  oxalic  acid  and  ammonia  by  boiling  it  either 
with  strong  acids  or  strong  alcalies.  In  this  reaction,  the  element* 
of  1  eq.  of  water  are  shared  between  the  constituents  of  oinmide, 
that  is.  between  the  radical  Ca  Os,  and  the  radical  amide  N  Hj ; 
for  oxamide  is  nothing  more  than  oxalate  of  ammonia,  NHt  0, 
Ca  Oj.  minus  8  eq.  of  water,  or  NH»,  Ci  0*.  A  very  small 
portion  of  an  acid,  for  example,  is  sufficient  to  produce  this  effect 
on  a  large  quantity  of  oxamide  ;  lor  if  the  acid  we  add  be  neu- 
tralized  by  the  ammonia  produced,  a  corresponding  quantity  of 
oxalic  acid  is  set  free,  and  acts  as  any  other  acid  would  do.  A 
miaule  proportion  of  an  acid,  therefore,  here,  appears  to  exert  its 
influence  on  an  unlimited  nortion  of  oxamide,  but  this  is  only  in 
appearance.  Tbe  fact,  however,  that  tbe  presence  of  a  little  oxalic 
acid  enables  oxamide  to  decompose  water  and  to  produce  ammonia 
and  oxalic  add,  is  very  important,  and  tends  to  throw  light  on 
many  similar  changes  in  die  organic  kingdom,  where  tlie  agency  is 
not  GO  apparent. 

But  oxamide  ia  not  the  only  product  of  tbe  action  of  heat  on 
oxalate  of  ammonia ;  tor,  besides  carbonic  acid,  carbonic  oxide, 
hydrocyanic  acid,  water,  ammonia,  and  oxamide,  all  of  which  are 
or  may  be  formed,  there  is  produced,  when  tlie  heat  is  so  regulated 
that  a  honey-yellow  residue  remains  in  the  retort,  a  new  acid,  called 
oxamic  acid,  which  constitutes  that  residue.  It  is  mixed  with  a 
little  oxamide,  which  is,  however,  left  undissolved  by  hot  water,  in 
which  the  oxamic  acid  dissolves. 

Oxamic  acid  forma  soluble  and  crystal  I  liable  salts,  with  lime, 
baryta,  ammonia,  and  oxide  of  silver.  Acids  precipitate  it  from 
the  saturated  solution  of  its  compound  with  ammonia,  as  a  white 
aparingly  soluble  powder,  the  composition  of  which  is  Ci  Hi  N  0« 
4-aq.    Although  an  acid,  this  compound  exhibits  all  the  relations 


liltO  (^ARBOKIC  ACID. 

mI'  II  tMiin|Miiin(l  (if  iiniiilt!  or  ainidoj^j^en,  beiii*^  conreiied  by  tin: 
Mi*t|nii  oi  iil(«iili(*N  til  II  \\\'^\\  tcmpcniture  into  oxalic  acid  and 
iintiiiiMtiii,  li  (lifi'ci'N,  however,  from  oxamide  in  yielding  2eq. 
iiHiilie  iteiil  iind  1  e(|.  iimnioniii ;  for  I  eq.  of  oxamic  acid,  j^ms  3 
iM|.    nf  wilier.  iMiiiliiiiiM   thu  elenienU  of  binoxalHto  of  ammonia: 

<'«()*.     N    lU      I      M    II  Orr::^  II  (),  C«   Os  )    +    (N  H4  O,  C^    Oj  ). 

Tlii'i  iiKo  e\|i|iiinNilM  produeiion  : 

Inr  U  ei|.   nxiiliitp  oi  nmiiKmin  2  (N  H4  O,  C  Os)  =  C«  H«  Ns  Oa 

wlieii  nrfi'il  nil  liy  lieiit,  

YIeltl  1  iM|.  nmiiionia  .  s=         H3  N 

a  (M|.  wiitur  =         Hs      O3 

1  iM|.  auhydruufl  oxauiic  acid  =  C4  Hs  N  Os 

Tojccthor  .        .  C4  Hi  N«  0» 

Okiiiiiio  Moid  In  eertiiinly  11  very  roiniirkable  compound,  being 
an  iii'id  luiiididts  or  iiL  Umni  iidnntting  of  being  so  regarded,  C4 
0«,  N  III .  Then!  an*  a  (vvr  otlu*r  ifXiimples  of  acid  amidtdes,  and 
wit  mIihII  HtMMi  eoino  to  onu,  nuniidy,  euchronic  acid,  which  is  highly 
nnulo^ouM  to  oxuinio  aeid  ;  being  formed  by  the  action  of  heat  on 
itHtlliUio  of  aniinoniu,  along  with  a  neutral  amidide,  paramide,  simi- 
lar Ut  oxaniidi*  ;  and  nn  oxamic  acid  yields  acid  oxalate*  so 
ouelinuiio  aeid  yinldH  acid  mellitate  of  ammonia  when  long  boiled 
wllli  wattT.  ( -yanio  arid  may  iiIko  be  consiidered  as,  in  some  sense, 
an  arid  amidido;  for  C$  NO,  H  O  »  Ca  Os,  NH;  and  Ci  Ot, 
N  11  I'  '^  II  O  M  N  Ha,  !2  0  Os  ;  or,  as  is  well  known,  cyanic  acid» 
in  eontiutt  with  watc^r,  produces  bicarbonate  of  ammonia. 

Oxamic  a(!id  may  further  be  viewed  ns  a  coupled  oxalic  acid, 
Ihct  adjunct  in  which  is  oxamide :  for  C4  O5  NHs  is  equal  toCt 
Oi  -h  (Jj  Os,  N  lis.  Berzelius  adopts  this  view,  and  is,  generally 
«]Miaking,  favorable  to  the  idea  of  coupled  acids. 

An  alcoholic  solution  of  oxalic  ether,  when  ammonia  is  cau- 
tiously added  till  a  precipitate  of  oxamide  just  begins  to  appear, 
yields  a  very  bcautilully  crystallizable  compound,  long  known  as 
()xam<ahan,  which  is  nothing  else  than  oxamate  of  oxide  of  ethyle 

fnvii  salts  of  oxide  of  ethyle).     Its  composition  is  Ci  Hv  N  Os  = 
C4  lli^  0+  C4  lis  NO5.      A   similar  compound  exists  with 
oxide  or  metliyle,  and  was  formerly  called  oxamethylan. 

a.  Carbonic  Acid.    C  Os=22. 

This  acid  has  been  already  described,  and  it  is  introduced  here 
merely  because  it  is  formed  by  the  complete  oxidation  of  carbonic 
oxide  :  Ca  Os  +  Os  =  2  C  Oi. 

CARBONIC  AdD   AND   CHLORINE. 

Chlorocarbonic  Acid.     C  j  ^^  or  C  O  +  CI  =  49'6 

Btn.  Phosgene  Qas,  —  When  equal  volumes  of  chlorine  and  car- 
bonic oxide  are  mixed  and  exposed  to  the  sun's  rays,  they  combine 
to  form  a  colorless  gas,  of  a  pungent  disagreeable  smell,  which 
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kcis  atrongly  on  the  ejvs.  Sp.  O.  of  llm  gas  3390.  When  dis- 
solved in  water,  it  decomposes  it,  producing  carbonic  and  liydro- 
cliloric  acids.  With  alooliol  and  pyroiilic  spirit  it  produces  very 
remarkable  compound  ethers,  to  be  afiertvard  described. 

With  ammonia,  this  iicid  forms  sal  ammoninc.  and  ii  white  volatile 
crystalliDe  substance,  which  is  carbamide,  CO, N  Ha,  produced  as 
follows :  —  C  0,  CI  +  2  N  H.  =s  N  H. ,  CI  -t-  C  0,  N  Hi . 

Under  tlie  influence  of  the  mineral  acids,  carbamide  yields  am- 
monia and  carbonic  acid,  C  0,  N  H.  +  H  0  =  C  O  +  N  H,. 

The  cblorocarbonic  acid  may  be  considered  as  carbonic  add 
C  +  ]  Q  in  which  half  the  oiyytn  Iifis  been  replaced  by  its  equir- 
alentof  chlorine,  ^  "^  ')  pi 

CARBONIC    OKIUK    WITH    POTASSIUU. 

Oxycarbide  of  Potassium  :  Rhodizonic  Acid. 

When  potassium  is  heated  in  carbonic  oxide  gas,  combination 
takes  place,  and  a  dark  olive  powder  is  formed,  composed  of  car- 
bonic oxide  and  potassium,  in  the  proportions  of  Ci  Ot-|-  Ks,  orTC 
0  -^l-  3  K.  This  substance  is  formed  in  larve  quantity  in  the  prepa- 
ration of  potassium  from  carbonate  of  potasn  and  charcoal  and  is  the 
source  of  great  losa  as  well  as  inconvenience.  No  such  compound 
is  formed  with  sodium,  for  which  reason  that  metal  may  be  more 
cheaply  prepared  than  potassium. 

The  oxycarbide  of  potassium,  if  heated  in  the  air,  takes  fire, 
but  if  exposed  to  moist  air,  or  placed  in  water,  it  is  converted  into 
the  potasn  salt  of  a  new  acid,  rnodizonic  acid,  hydrogen  beinr  div 
engaged:  Ci  Ot  Ka-|- 3  H  0  =  Ci  07,3KO  +  U>.  As  thu  h;r- 
dr^en,  however,  is  not  pnre  but  cont^ns  carbon,  the  reactitm  is 
prubably  more  complicated. 

All  the  salts  of  rtiodiionic  acid  are  deep  red,  and  when  in  crys- 
tals, reflect  a  green  light  The  rhodiionate  of  potash,  when  beMed 
in  solution  in  water,  undergoes  a  very  remaiw>le  change,  yielding 
free  potash,  oxalate  of  potash,  and  croooo&te  of  potash,  the  latter 
bein^  the  salt  of  another  new  acid  containing  the  same  elements  aa 
rhodiionic  acid,  in  different  proportions  ;  this  salt  is  Ci  Ot,  KO  or 
Ci  Oi,K.  The  composition  of  rhodiionate  of  potash  explains  this 
reaction  perfectly,  for  Ci  Oi-l-3  KO  =  K0 -f-KO,  Ca  Oi-f  K 
0,  C,  04. 

Croconic  Acid.     CiOt,HO;  orCiOi,H. 

This  add  is  named  from  the  yellow  color  of  ita  salts.  It  is  ob- 
tained from  the  croconate  of  potash,  prepared  as  above,  by  tbe 
action  of  fluouliclc  acid,  wbi^  separates  the  potash.  The  acid  is 
yellow,  soluble  in  water  and  alcohol,  and  crystallixes  easily.  All 
Its  salts  are  likewise  yellow. 

The  rbodisonic  acid,  Ci  Oi,  3H  0,  maybe  viewed  as  a  tribaaie 
hydrogen  acid,  Ci  0>  H* ;  tbe  croconic  add  may  also  be  viewed 
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both  as  n hydrated  oxygen  acid,  Cs  Oi  HO,  and  as  a  hydrogen 
acid,  C5  Os,  H.  In  this  last  form  it  connects  itself  with  car- 
bonic oxide  as  it  may  be  6  C  0  +  H.  The  same  remark  applies  to 
another  remarkable  acid,  containing  the  same  elements,  namely  the 
mellitic  acid. 

MelliUc  Acid.     C4  O9,  H  O,  or  C4  O4,  H. 

This  acid  occurs,  combined  with  alumina,  in  a  very  rare  mineral 
probably  of  organic  origin,  the  mellite  or  honey-stone.  The  acid 
IS  soluble,  very  sour,  and  permanent,  not  being  altered  by  boiling 
nitric  or  sulphuric  acids,  nor  by  a  heat  of  nearly  680°.  The  gen- 
eral formula  of  its  salts  when  dried  at  212^,  is  M  0,  C4  O4  H,  or 
H  O,  C4  O4  M.  The  salt  of  silver,  however,  at  212**,  loses  1  eq. 
of  water,  and  is  left  as  C4  Os,  Ag  0,  or,  C4  O4,  Ag.  According 
to  the  latter  formula,  the  radical  in  this  salt,  heated  to  212°,  is  a 
form  of  carbonic  oxide,  C4  O4  ==  4  C  0. 

The  crystallized  acid  C4  Os,  H  O,  or  C4  O4  H,  appears  to  unite 
with  most  bases  without  the  separation  of  water,  generally  observed 
when  salts  are  formed.  And  although  the  silver  salt  would  seem 
to  contain  a  different  radical,  yet  it  yields,  when  decomposed,  the 
original  mellitic  acid.  The  mellitate  of  silver  may  also  be  looked 
on  as  oxalate  of  silver  AgO,  Ca  Os,  plus  2  eq.  of  carbon  in  the 
acid  Ag  0,  C4  Os. 

The  mellitate  of  ammonia,  NH4  O,  C4  Hs,  when  heated  in  a 
retort,  yields  several  new  and  remarkable  products.  When  this 
salt,  N  Hs,  H  0,  C4  Os  =  C4  H4  N  O4  is  heated  to  320*»,  it  gives 
off  ammonia  and  water,  and  there  remains  a  mixture  of  two  new 
compounds  ;  a  soluble  one,  which  contains  etichronic  acid,  in  com- 
bination with  ammonia,  and  an  insoluble  one  which  is  called  para- 
mide, 

Paramide  is  a  yellow  solid,  like  clay.  Its  most  remarkable 
character  is,  that  when  long  boiled  with  water,  it  is  converted  into 
bimellitate  of  ammonia.  This  is  the  character  of  an  amide,  hence 
its  name.  The  composition  of  paramide  is  C1HNO4,  which 
readily  explains  both  its  formation,  and  its  conversion  into  bimel- 
litate of  ammonia. 

If  from  bimellitate  of  ammonia,  NH40,C40s+HO,C40s=CiH5NOs 
we  Bubstract  4  eq.  of  water         .  .         .         .         .        H4  O4 


there  will  remain Paramide  =  CiHN04 

and  of  course,  when  reconverted  into  bimellitate  of  ammonia  by 
long  boiling,  it  merely  takes  up  again  these  4  eq.  of  water. 

The  soluble  compound  euchronate  of  ammonia,  when  its  solution 
b  acted  on  by  hydrochloric  acid,  deposits  a  white  crystalline  pow- 
der, which  is  euchronio  acid,  CuIiOe,  2H  0.  Its  formation  is 
easily  explained ;  for 


There  will  remiin  anhydrouBeuchronicicid    .        =Cii     N  0« 
We  can  now  Bce  that  the  action  of  Iieat  on  7  eq.  ot  mellitate  of 
ammonia,  gives  rise  to  the  following  substances : 

9  eq.  paramide  =  ChHi  Ni  O* 

1  eq.  eucbronic  acid  ^  Cu       N    0> 

4  eq.  ammonia  =  Hn  Ht 

14  eq.  water  =  Hi4        On 

7eq.  mellitateor  aoimonJa  =  CsHnNtOB 

When  eucbronic  acid  is  boiled  with  water,  it  is  dissolved  and 
converted  into  an  acid  mellitate  of  ammonia. 

1  eq.  euchronic  acid  ^         Cn      N  Oi 

and  6  eq.  water  =  H«     Ot 

Together  .  CH.  NOn  are  equal  to 

3eq.  metallic  acid  =:         CnHs    0>i 


Together        .        .  Ci<H>NOi> 

Euchronic  acid  is  deoxidized  bv  a  plate  of  zinc,  yielding  k 
powder  of  a  fine  deep  blue  color,  which  dissolves  in  ammonia,  ot 
potash,  with  a  splendid  tint  of  purple.  The  bine  powder  is  an 
inferior  oxide  of  the  same  nitrogenized  radical,  whico,  combined 
with  more  oxygen,  forms  eucbronic  acid.  The  whole  subject  of 
mellitic  acid  and  euchronic  acid  is  most  interesting,  but  mellitic 
acid  is  so  rare  tliat  it  is  very  difficult  to  find  material  for  the  inves- 
tigation. As  mellitic  acid,  like  succinic  acid,  is  of  organic  origin, 
and  contains  only  1  eq.  of  hydrogen  less,  and  1  eq.  of  oxygen 
more  than  succinic  acid,  we  may  hope  to  be  enabled  to  obtua  it 
artificially. 

III.  Ctabookk.  C«N  =  Cy=26a3. 
This  very  important  compound  baa  already  been  mentioned  as 
a  compound  of  carbon  and  nitrogen ;  but  we  nave  now  to  consider 
it  in  its  far  more  important  character  of  a  compound  radical.  In 
fact,  it  was  the  tirst  compound  radical  discovered,  and  the  dis- 
covery of  cyanogen  by  Gay-Lnssac  has  proved  more  fertile  in 
results  than  any  other  discovery  yet  made  in  organic  chemistry. 
As  cyanogen  acta  exactly  like  an  clement,  we  shall  represent  it  by 
the  symbol  Cy,  rather  than  by  C>  N  ;  using  the  latter  only  where 
the  elements  of  cyanogen,  and  not  itself,  enter  into  changes  and 
reactions. 

Cyanogen  is  formed  when  animal  matter  is  Ignited  along  with 
carbonate  of  potash  in  close  or  covered  iron  vessels.  The  cyano- 
gen being  a  gas,  and  eombostible,  would  be  dissipated,  and  in  open 
Teasels  bnnied,  were  it  not  that  it  enters  into  combination  witb 
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potftssium  derived  from  the  carbonate,  forming  cyanide  of  potas- 
sium, K  Cy,  a  salt  not  altered  by  a  red-heat  in  close  vessels.  As 
this  salt,  however,  is  decomposed  by  the  action  of  water,  yielding 
carbonate  of  potash,  and  of  ammonia,  hydrogen  being  set  free, 
(K,  CaN+6H0=K0,  COt +NH3,  HO,  CO«+H),  itis 
necessary  to  convert  the  cyanide  of  potassium  into  a  more  stable 
compound. 

Tnis  is  effected  by  the  addition  of  iron,  or  of  sulphide  of  iron 
the  latter  of  which  is  formed  by  the  mutual  action  of  the  sul- 
phate of  potash  (always  present  in  potashes),  carbon,  and  the 
iron  of  the  vessel.  The  iron,  or  its  sulphide,  is  readily  dissolved 
by  the  aqueous  solution  of  cyanide  of  potassium,  yielding  cyanide 
of  iron,  Fe  Cy,  and  sulphide  of  potassium  K  S,  for  K  Cy  +  Fe  S 
=  Fe  Cy  +  K  S.  The  elements  of  the  cyanide  of  iron  then  form, 
with  cyanide  of  potassium,  the  very  permanent  double  cyanide, 
well  known  as  prussiatc  of  potash,  properly  ferrocyanide  of  potas- 
sium, which  forms  large  and  pure  transparent  yellow  crystals. 
From  this  compound,  all  the  other  compounds  of  cyanogen,  and 
cyanogen  itself  are  prepared.  Its  empirical  formula  is  Fe  Cy, 
2KCy  +  3H0,  orFeKa  Cys  +  SHO.  At  212°  it  loses  all 
the  water,  and  then  contains  only  iron,  potassium,  and  cyanogen, 
Fe  -}-  Ka  -|-  Cya.  It  may  be  conveniently  \'iewed  as  a  compound 
of  cyanide  of  iron  with  cyanide  of  potassium  ;  but  we  shall  see 
hereafter  that  its  rational  formula  is  probably  very  different,  and 
that  it  is  a  compound  of  potassium  with  a  new  radical,  ferro- 
cyanogen. 

Cyanogen  gas  is  best  prepared  by  heating  dried  bicyanide  of 
mercury,  when  the  gas  is  given  off,  a  part,  however,  assuming  the 
solid  form,  and  remaining  behind  as  a  black  matter,  paracyanogen, 
isomeric  with  cyanogen  ;  or  by  heating  a  mixture  of  6  parts  dried 
ferrocyanide  of  potassium,  and  9  parts  bichloride  of  mercury, 
when  chloride  of  potassium  is  formed  by  the  action  of  the  bichlo- 
ride on  the  cyanide  of  potassium  of  the  ferrocyanide,  and  the 
cyanide  of  mercury,  if  formed,  is  at  once  decomposed  by  the  heat : 
Fe  Cy,  2  K  Cy  +  Hg  CU  =  Fe  Cy,  2  K  CI  +  Hg  +  Cyi.  The 
cyanide  of  iron  is  not  altered.  The  gas  may  be  collected  over 
mercury,  but  is  absorbed  by  water,  with  which  it  produces  the 
various  changes  which  have  been  minutely  explained  at  pp.  275 
and  276.  It  has  a  very  pungent  and  peculiar  smell,  is  colorless 
and  transparent ;  and  may  be  liquefied  by  a  pressure  of  about  4 
atmospheres.  It  is  combustible  and  bums  with  a  beautiful  pink  or 
purplish  flame. 

Cyanogen  forms  with  hydrogen  an  acid,  the  hydrocyanic,  H  Cy  ; 
with  oxygen  and  the  elements  of  water,  three  acids,  Cy  O,  H  O  ; 
Cya  Oa,  2  H  0  ;  and  Cya  Oa,  3H 0  ;  of  which  the  first  is  cyanic^ 
the  second  fulminic,  and  the  third  is  cyanuric  acid.  With  chlorine, 
^c.  it  combines ;  with  sulphur,  it  forms  a  new  radical  Cy  &» 
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snlphocyanoeeii ;  and  with  metcLla,  it  forinB  galta,  perfeclly  analo- 
sous  nitli  chlorides,  such  as  K  Cy.  Fe  Cy,  Ag  Cy,  Ug  Cyi,  ic. 
Id  short  it  plays  exactly  the  part  of  a  simple  radical,  and  were  it 
Dot  easily  aecomposable,  wo  should  at  once  class  it  with  cbloriDe 
as  an  element. 

CTANOOBH  AKD   UVDHOOKH. 

Hydrocyanic  or  Prussic  Acid.  H  Cy  ^  37-33. 
This  acid  may  be  obtained  by  a  great  variety  of  processes  ;  but 
the  easiest,  moat  economical,  and  mosl  certain,  is  to  act  on  tbe  fer- 
rocyanide  of  potassium  with  diluted  sulphitric  actd.  The  process 
requires  to  be  slightly  modififd,  according  as  our  object  is  to  pre- 
pare the  dry  or  anhydriius  acid,  or  the  diluted  aqueous  solution  of 

1.  AnAj/droui  Acid.  —  To  prepare  this  acid  1 5  parts  of  powdered 
ferrocyanide  of  potassium  are  to  be  distilled  at  a  gentle  beat  with  a 
mixture  of  9  parts  ml  of  vitriol,  and  H  of  water,  and  tbe  product  is 
to  be  received  in  a  convenient  receiver  placed  in  a  freezing  mixtuns 
and  containing  B  parts  of  chloride  of  calcium  in  small  lumps.  As 
soon  as  liquid  enough  liasdistilled  to  cover  the  chloride,  tbe  distilla- 
lation  is  stopped,  and  the  hydrocyanic  acid,  deprived  of  water  by 
the  chloride  of  calcium,  is  to  be  decanted  into  a  dry  and  well- 
stopped  bottle.  It  may  also  be  obtained  by  distilling,  under  sim- 
ilar ci  re  urns  Lances,  cyanide  of  potassium  with  dilute  sulphuric  acid. 
Id  both  cases,  the  acid  is  formed  by  the  reaction  of  sulphuric  acid 
on  cyanide  of  potassium  or  it  elements :  K  Cy  +  H,  S  0*  =  E,  S 
O.-f-HCy. 

Dry  hydrocyanic  ncid  Ls  a  limpid  and  colorless  liquid,  of 
8p.  O.  0-6967  at  66°;  at  69°  it  becomes  a  fibrous  mass,  in  conse- 
quence of  the  presence  of  a  trace  of  water  ;  and  at  80°  it  bmis ; 
the  density  of  its  vapor  is  09476.  It  is  inflammable,  and  has  a 
very  peculinr  snd  disagreeable  smell  and  ta.ste.  It  is  the  most 
energetic  poison  known,  one  drop  intioduced  into  the  mouth  being 
sufficient  to  destroy  an  animal  of  considerable  siie.  When  pure 
it  is  soon  spontaneously  decomposed,  depositing  a  dark  brown 
solid  ;  a  trace  of  sulpburio  acid  causes  it  to  keep  perfectly.  When 
in  contact  with  the  strong  mineral  acids  and  water,  being  convert- 
ed in  ammonia  and  formic  acid  :  H,  Ci  N-|- 4  110^  N  Ha,  HO 
-fC.  HOi. 

8,  Mdkinal  or  D3uUd  Hydrocyanic  Acid.  —  This  may  be  pre- 
pared by  simply  diluting  the  anhydrous  acid  with  the  required 
proportion  of  water,  adding  for  example,  97  grdns  of  water  to  3 
of  the  acid,  to  obtain  an  acid  of  3  per  cent. ;  which  is  about  tbe 
average  strength  used  in  medicine.     In  round  numbers,  to  one 

Eart,  by  weight,  of  dry  acid,  34^-  parts  of  water  by  weight  are  to 
o  added ;  or,  to  one  volume  of  tie  anhydrous  acid,  22|  volumes 
of  water.     But  aa  it  is  ttDubleaome  to  prepare  the  anhydrous  acid. 
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it  a  b«4(  todUtil  2  pana  of  ferrocjanide,  with  I  of  mlpbnrie  and, 
•nd  2  of  water.  U>  drrnesa  in  a  chloride  of  calciom  batb,  coadeastnif 
in  a  Ucbi^'s  appanttu,  (se«  wood-cut)  id  ibe  receiver  of  whicE 


3  more  parts  of  water  are  placed.  Bt  thb  meuis  we  obtain  4^ 
pans  of  an  acid  Dot  aohydrao!,  but  far  too  ttnog  for  use.  coDtain- 
tag  from  15  to  SO  per  cent,  of  dry  add.  It  preciK  strength  ia 
ascerttuned.  and  it  is  reduced  to  the  staodanl  strength  in  the 
folloKin^  simple  manner  : 

Anr  convenient  qaantitr,  sat  50  or  100  grains,  is  weighed  out, 
being  added  ton  coanterpoised  ve!«e],  containing  about  two  drachms 
of  nitrate  of  silver,  dissolved  in  2  or  3  ounces  of  water.  Let  us 
suppose  that  we  have  dropped  into  this  vessel  TO  grains  of  our 
ncid.  This  will  be  entirely  gonverted  into  cyanide  of  silver,  bnt  we 
make  sure  by  testing  with  a  drop  of  nitrate  of  silver.  The  pre- 
cipitate is  then  collected  on  a  filter,  well  washed,  dried  at  212°  on 
a  weighed  filter,  and  the  increase  in  weight  of  the  filter  gives  the 
weight  of  the  cyanide  of  rllver  form^^il.  Now  this  cvanide  is 
formed  as  follows:  H  Cy  +  ( AgO.  N  Oi)  =  AgCy  +  (HO.N 
Ot).  Therefore  I  eq.  of  hydrocyanic  acid.  HCy  =  27-23,  pro- 
duces I  eq.  cyanide  of  silver,  AgCy  ==  134-54  ;  or  I  grain  of 
anhrdrons  hvdrocyanic  acid  will  yielJ,  almost  exacilv,  5  grains 
of  cyanide  of  silver  ;  for  27.23  :  134-54  :  :  1  :  4-94.  '  We  may, 
therefore,  safely  assume  that  the  weight  of  the  cyanide  of  silviT, 
divided  bv  5,  gives  the  weight  of  ADnydrous  acid  present  with 
sufficient  accuracy  for  all  practicable  purposes-  Kow  we  have 
used  70  grains  of  our  dilute  acid,  the  strength  of  which  we 
wish  to  know.  Let  as  suppose  that  our  filter  weighs  when  empty 
20  grains,  and  with  the  cyanide  of  silver,  dried  at  212°  till  it 
ceases  to  lose  weight,  100  graios.  The  difference,  or  80  grnins, 
is  the  weight  of  cyanide  of  silver  obtained  from  TO  grains  of  onr 
acid.  Dividing  this  by  5,  we  have  16  grains  as  the  weight  of  an- 
hydrous acid  contained  in  the  70  grmins,  ajid  conM(|nently  com- 
bined with  64  <d  water. 
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Nov,  if  we  wish  to  state  the  per  centag«  of  ihis  acid,  ne  obtain 

it  by  the  calculation,  70  :  16  :  :  100  :  x,  and  x  = '-  i  — '^  =  22-86, 

70 
so  that  our  acid  contains  22-85  per  cent,  of  anliydrous  acid.  But 
if  our  only  object  be  to  reduce  tbc  acid  to  a  standard  ttlreiijjth,  say 
that  of  3  per  cent.,  Ibis  last  calculation  is  unecessary,  and  we  can 
proceed  as  follows  :  acid  of  3  per  cent,  contains  3  gra.  of  dry  acid 
and  97  of  water  ;  therefore,  to  find  bow  much  water  is  to  be  added 

to  16  gra.  of  anhydrous  acid,  3  :  97  : :  IC  :  i,  and  x  =  _ +— = 

517'3  grains  of  water,  which  must  be  added  to  16  grs.  of  anhy- 
drous acid,  to  bring  it  to  the  same  stren^h.  But  our  70  grains 
of  acid  contain  already,  with  the  16  of  anhydrous  acid,  64  grains 
of  water,  consequently  we  have  only  to  add  to  these  70  grains 
617-3  —  64  =  463*3  grains  of  water,  and  the  same  quantity  of 
water  for  every  70  grains  of  the  same  acid.  Of  course,  it  ia  ensy 
to  calculate  the  water  necessary  for  I  or  more  ounces  of  [he  acid, 
when  we  have  once  found  iL  for  any  given  quantity.  1  hsve  here 
supposed  70  grains,  but  with  60  or  100  the  calculation  is  easier, 
and  with  a  drachm  by  weight  (60  grains),  we  have  simple  data 
for  calculating  how  much  water  is  required  for  any  number  of 
ounces  or  drachms,  troy,  of  acid. 

This  beautiful  and  simple  method  of  preparing  the  medicinal 
hj^drocyanio  acid,  and  ascertaining  its  precise  strength,  has  been 
minutely  described,  because  of  its  practical  importance.  It  is  so 
simple  an  operation,  that  any  one  may  very  soon  learn  to  ascertain 
the  strength  of  hydrocyanic  acid,  and  it  is  very  exact.  Besides, 
no  other  method  of  obtaining  a  medicinal  acid  of  uniform  strength 
ought  to  be  trusted  to  ;  and  we  ought  never  to  attempt  to  obtain 
the  acid  of  the  standard  strength  by  distillation,  although  many 
methods  are  given  for  this.  I  have  never  seen  any  one  of  these 
yield  twice  the  same  result ;  whereas  by  the  above  method  we  can 
prepare  acid  of  exactly  the  same  strength  any  number  of  times, 
and  the  acid  prepared  from  (he  ferrocyanide,  by  sulphuric  acid, 
keeps  perfectly  well.  Of  course,  when  we  have  added  the  calcu- 
lated quantity  of  water  to  reduce  the  acid,  it  is  proper  to  ascertain 
its  strength  once  more,  to  make  sure  that  we  have  made  no  error 
in  our  calculation.  If  it  be  acid  of  3  per  cent.,  it  will  yield  16 
grains  of  cyanide  of  silver  from  100  of  acid- 
There  are  two  other  methods  which  deserve  to  be  mentioned,  as, 
with  pure  materials  and  careful  manipuladon,  they  yield,  in  a  few 
minutes,  a  standard  acid.  The  first  is  that  of  Dr.  Clarke,  who  odds 
to  1  eq.  cyanide  of  potassium  dissolved  in  water,  2  eq.  tartaric 
acid,  which  separates  the  potosMum  as  cream  of  tartar,  while 
diluted  hydrocyanic  acid  remains  dissolved.  For  every  100  grs. 
of  water,  7^  gt>.  of  cyanide  of  potasainnt  and  16^  of  crystallued 
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tartaric  acid,  are  required.  This  is  an  excellent  extemporaneous 
process,  if  we  have  pure  cyanide  of  potassium  ;  but  that  salt'  does 
not  keep  well,  and  even  in  its  preparation  it  is  apt  to  be  decom- 
pi>$eil.  at  least  partially.  It  is,  besides,  an  expensive  salt.  The 
other  is  the  process  of  Everett,  who  suspends  cyanide  of  silver  in 
water,  and  adds  an  equivalent  of  hydi-ochloric  acid  :  Ag  Cy  ^ 
H  V\  =  Air  n  +  H  Cy.  This  is  also  a  good  extemporaneous 
process,  15  grs.  of  Ag  Cy  being  used  for  every  100  of  water,  and 
4  grs.  of  dry  11  CK  that  is.  about  12  grs.  of  acid  Sp.  G.  1*21,  being 
added.  This  pn.>cess  is  also  expensive,  although  the  silver  is  not 
lost  ;  but  the  chief  objection  is,  that  it  is  difficult  to  add  the  pre- 
cise amount  of  hvdrochloric  acid  which  is  necessary,  and  that  an 
excess  causes,  pro  tanio,  a  conversion  of  the  hydrocyanic  acid  into 
formic  acid  and  ammonia. 

The  medicinal  acid  has  the  smell  and  taste  of  the  anhydrous,  and 
is  very  }x>isonous,  the  average  dose  Siife  for  an  adult  being  1  to  2 
dn.»ps  ill  a  glass  of  water.  It  is  much  used  as  a  sedative  and  ano- 
dyne, but.  unless  its  strength  and  dose  be  perfectly  known,  it  is  a 
duugervHis  remedy.  Fatal  accidents  have  occurred  from  prescrip- 
tious,  found,  afier  expt*rience.  to  act  favorably,  being  made  up  m 
another  place,  or  by  the  same  druggist  with  a  fresh  stock ;  this 
fresh  stock  being  exactly  of  the  standard  strength,  while  the 
previous  acid  had  lost  so  much  by  keeping  that  the  dose  had  been 
of  necessity  increased.  There,  danger  actually  arose  from  a  too 
weak  acid  i)eing  used.  Hence  the  necessity  for  the  CTeat  exactness, 
for  which  rules  are  given  above.  In  cases  of  poisoning  by  this 
acid,  now  unfortunately  of  very  frequent  occurrence,  there  is  sel- 
dom time  to  administer  an  antidote  ;  but  when  life  is  not  extinct, 
we  may  confidently  rely  on  the  antidotes  we  possess.  The  best  is 
the  administrauon  of  two  solutions,  one  of  mixed  sulphate  of  pro- 
toxide and  peroxide  of  iron,  and  the  other  of  carbonate  of  potash, 
as  recommended  by  Messrs.  Smith,  Edinburgh,*  by  which  the 
acid  still  in  the  stomach  is  rendered  insoluble,  bein^  converted  into 
Prussian  blue.  The  symptoms  already  produced  arc  best  com* 
bated  by  ammonia  inspired  from  a  sponge,  or  taken,  diluted, 
internally,  and  by  other  diffusible  stimulants ;  also  by  the  cold 
affusion. 

Hydrocyanic  acid  is  very  easily  recognized  by  its  smell,  and  by 
its  forming  Prussian  blue  if  acted  on,  in  solution,  successively,  by 
proto- persulphate  of  iron,  by  potash,  and  by  an  excess  of  hydro- 
chloric acid.  The  first  two  tests  form  the  Prussian  blue  ;  the  last, 
dissolving  the  excess  of  oxide  of  iron,  brings  the  blue  into  view. 
Any  liquid,  suspected  to  contain  hydrocyanic  acid,  ought  first  to 
be  distilled  with  the  addition  of  a  little  dilute  sulphuric  acid,  and 
the  tests  applied  to  the  first  ounce  that  comes  over.     Nitrate  of 

•  See  "  Laneet,"  for  1844,  voL  ii,  p.  41. 
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silver  produces  a  white  cloud  of  cyanide  of  ulver,  exact];  like  the 
chloride  in  appearance. 

Hydrocyanic  ncid,  with  metallic  oxides,  gives  rise  to  water  and 
metallic  cyanides :  HCy+MO=HO  +  MCy:  or2HCy  + 
UOt  =SHO  +  MCyi. 

CTAKOOBH  AltD  ozroKir. 
I.  CtabicAcid.    CfO.  HO  =  Cy  0.H  =  4326. 

A  monobasic  acid  ;  is  formed  when  dry  cyanide  of  potassium  is 
nested  in  the  air,  wtien  oxygen  is  absorbed,  and  cyanate  of  potash 
IS  produced:  KCy+Oi  +  KO,  Cy  0,  or  K,  CyOa. 

When  a  stronger  acid  is  added  to  this  salt,  the  cyanic  acid  ia  set 
free,  but  immediately  decomposes  with  water,  produciog  ammonia 
which  unites  with  the  strony;  acid  used,  and  carbonic  acid  which 
escapes  as  gas  :  C.  N  0,  HO  +  2  H  0  =  NHj  +  8  0  0».  The 
carbonic  acid  carries  with  it  a  little  cyanic  acid,  which  forms  dense 
white  vapors,  and  has  a  pungent  acid  smell  like  that  of  strong 
acetic  acid.  Under  all  circum stances,  free  cyanic  acid,  in  contact 
with  water,  is  instantly  destroyed. 

It  may,  hovrever,  be  obtained  in  the  anhydrous  state,  according 
to  the  formula  Cy  Oi  -|-  H,  or  as  roonohydrated  acid,  if  viewed  aa 
CyO,  H  0,  by  distilling  cyanuric  acid,  Cyj  O.  +  Hj,  or  Cys  Oj 
-f-  3  H  O.   This  acid  is  isomeric  with  cyanic  acid,  and  when  heated, 

1  eq.  cyanuric  acid  splits  np  into  3  eq.  cyanic  acid,  which  nppean 
in  the  receiver  as  a  volatile,  piUKent,  very  corrosive  acid  liquid. 
This  add  only  keeps  for  a  very  snort  time,  even  in  the  freeiing 
mixture  in  which  it  is  condensed.  If  removed  from  the  cold,  it 
aoon  becomes  turbid,  then  hot,  boils  violently,  and  with  violent 
shocks,  and  is  converted  into  a  solid  dense  while  body,' like  porce- 
lain, quite  insoluble  and  indifferent 

This  is  Cyanulidt,  another  isomeric  compound,  containing  the 
same  elements  in  the  same  proportions,  but  differently  arranged, 
possibly  Ci  Oi  -|-  N  H  ;  for  it  yields,  under  the  inflnence  of  water 
and  strong  acids,  carbonic  acid  and  ammonia,  (Cs  Oi,  NH-f* 

2  H  0  =  8  C  0»  +  N  Hi ),  just  aa  cyanic  acid  does.  When  dis- 
tilled,  it  is  reconverted  into  cyanic  acid,  another  proof  that  it  u 
isomeric  with  that  acid. 

CTAMATES. 

The  salts  of  cyanic  acid  ore  all  distinguished  by  the  action  on 
them  of  strong  acids,  which  cause  disengagement  of  carbonic  acid, 
while  ammoma  may  now  be  detected  in  the  liquid.  The  cyonotes 
of  potash,  ammonia,  &c.,  are  soluble,  those  of  lead,  silver,  he, 
msoluble. 

CyaniOe  <^  Poltuh — la  best  formed  by  the  oxidation  of  Liebig'a 
cyanide  of  potassinm.*  which  may  easily  be  effected  by  adding 

•  The  tonnaUni  «f  this  mII  win  ba  docribed  Mow. 


litharge  in  proper  quantity  to  the  melted  salt,  K  Cy  +  2  Pb  0  = 
K,  CyOa  -\-Pba.  The  cooled  mass  is  powdered  and  bailed  with 
alcohol  of  80  per  cent.,  -which  on  cooling  deposits  pure  crystals  of 
cyanate  of  potaah,  very  similar  to  chlorate  of  potash.  Or  dried 
ferrocynnide  of  potassium,  mixed  with  half  its  weight  of  peroxide 
of  manjjAnesc,  may  be  ^enlly  heal«d,  spread  out  on  an  iron  plate, 
when  it  bums  like  tinder,  partly  nt  the  expense  of  the  oxide  of 
manganese,  partly  in  the  oxygen  of  the  air.  It  is  well  stirred  till 
every  part  has  glowed,  and  the  cold  mass  is  treated  with  alcohol 
u  above. 

Cyanate  of  potash  must  be  kept  in  sealed  tubes,  for  in  phials 
occasionally  opened  it  is  soon  changed  into  bicarbonate  of  potash. 
ammonia  being  given  off :  K,  C»  N  0.  +  3  H  0  =  (K  Oi  2  C  Oj) 
+  NHj.  Triturated  with  dried  oxalic  acid,  this  salt  yields  oxalate 
of  potash  and  cyamelide.  When  acetic  acid  is  added  to  a  concen- 
trated freshly  made  solution  of  cyanate  of  potash,  the  latter  being 
in  excess,  there  is  deposited  the  ncid  cyanurate  of  potash  : 
Cy.O.   |g.,.,Cj.O.   jj°„. 


a.  Baiie.  —  When  dry  ammonia  and  the  vapor  of  cyanic  acid  are 
nixed,  they  form  a  light  whil«  solid,  which  is  a  cyanate  of  ammo- 
nia, containing  more  ammonia  than  is  required  for  a  neutral  salt. 
This  salt  gives  off  ammonia  when  treated  with  alcalies,  and  cyanic 
acid  when  treated  with  sulphuric  acid.  But  if  dissolved  in  water, 
and  the  solution  digested  and  evaporated,  it  yields  crystals,  which, 
although  containing  the  elements  of  cyanic  acid,  ammonia,  and 
water,  exhibit  neither  of  these  characters  of  a  cyanate,  but  are 
found  to  possess  all  the  properties  of  urta,  a  product  of  the  animal 
system. 

b.  Anomalous  Ci/anaU  of  Ammonia,  or  area.,  C*  Ni  Ht  Oi  — (Ga 
NO,  I[  0,  N  lis). —  This  remarkable  compound  exists  in  large 
proportions  in  healthy  urine,  and  is  extracted  from  it  by  evaporating 
It  about  S00°  to  a  thin  syrup  and  adding  about  an  equal  volume 
of  colorless  nitric  acid,  Sp,  G.  I'35,  quite  free  from  nitrous  acid, 
which  forms  a  very  copious  crystallization  of  nitrate  of  urea,  while 
the  coloring  matter  is  destroyed  with  brisk  effervescence.  If  cold 
be  applied,  the  coloring  matter  resists,  and  the  nitrate  is  then  very 
dark  and  very  difficult  to  purify;  cold  ought  therefore  not  to  be 
used,  and  the  nitrate  of  urea  is  depouted  nearly  white,  having  only 
a  clear  yellow  tint.  It  is  dissolved  in  water,  after  being  recrya- 
tallized  and  neutralized  by  potash  or  baryta.  The  whole  is  then 
gently  evaporated  to  dryncBS,  after  separatiog  as  much  nitrate  of 
potash  or  of  baryta  as  possible,  and  the  dry  mass  digested  in 
alcohol,  which  dissolves  only  the  urea,  and  by  spontaneous  evapo- 
ration, yields  it  In  large  transparent  prismatic  crystals.     Should 
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Lhese  not  be  colorless,  the  digestion  of  their  nqueous  solution  with 
a  little  permttn^nate  of  potash,  nhich  has  no  nction  on  urea,  de- 
stroys tne  coloring  mntter  entirely.  Should  nn  excess  of  that  salt 
be  added,  a  few  drops  of  alcohol  nilt  instantly  destroy  it,  and  the 
filtered  liqnor  will  yield  snow-white  crystals  of  urea. 

But  although  urea  may  thus  bo  obtained  (or  by  the  action  of 
oxalic  acid  on  the  urine,  which  forms  a  sparingly  soluble  oxalate 
of  urea)  in  any  quantity  from  urine,  it  is  found  much  easier  to 
prepare  it  artidcially  from  cyanate  of  ammonia.  Liebig'  recom- 
mends the  following-  process  which  I  have  found  to  succeed  per- 
fectly :  28  parts  of  dried  ferrocyanide  of  potassium,  and  14  of 
peroxide  of  manganese  are  mixed  in  powder  and  calcined,  as 
alKive  descnbed,  on  a  flat  iron  plate,  at  a  very  low  red-heat,  suf- 
ficient to  keep  up  the  glow  which  takes  place.  When  this  is 
over,  the  cold  mass,  powdered,  is  acted  on  by  a  moderate  quantity  of 
cold  water,  which  dissolves  the  cyanate  of  potash.  This  is  filtered 
off  and  set  aside.  A  fresh  portion  of  cold  water  heing  added  to 
the  powder  to  wash  it,  is  also  filtered,  and  in  this  liquid  are  novf 
dissolved  tO^  parts  of  sulphate  of  ammonia,  and  the  solution  is 
added  to  the  first  filtered  solution  of  cyanate.  A  large  quantity 
of  sulphate  of  potash  is  deposited,  -which  is  strained  off,  and  the 
filtered  liquid  now  containing,  with  some  sulphate  of  potash,  all 
the  cyanate  of  ammonia,  is  evaporated  to  dryness,  during  which 
process  the  c^aoale  of  ammonia  is  transformed  into  urea.  The 
dry  mass  is  digested  in  alcohol,  wbich  dissolves  only  the  urea,  and 
yields  it  from  the  first  chemically  pure  and  in  any  quantity,  if 
the  operation  be  carefiilly  performed.  Urea  thus  obtained  is  far 
cheaper  than  that  extracted  from  the  urine. 

The  artificial  production  of  urea  from  cyanate  of  ammonia 
was  discovered  by  Wiihler.  It  was,  with  the  exception  of  oxalic 
acid,  and  of  hydrocyanic  acid,  the  first  example  of  an  organic 
product  ardficiatly  formed,  although  many  other  cases  are  now 
known. 

Urea  forms  four  «ded  prisms,  resembling  nitre  in  appearance, 
and  also  in  their  taste,  which  is  saline  and  cooling  exactly  like  that 
of  nitre.  It  is  soluble  both  in  water  and  alcohol.  When  beated, 
it  melts,  gives  off  much  ammonia,  and  finally  solidifies,  being  in  a 
great  measure  converted  into  ammonia  and  cyanuric  acid. 

Urea  belongs  to  the  class  of  organic  bases,  for  it  forms  crystal- 
livable  compounds  with  several  acids,  such  as  nitric,  oxalic  and 
acetic  acids. 

The  mtrate,  when  impure,  crystallizes  in  scales  of  a  high  lustre  ; 
when  pure,  it  forms  opaque  prisms,  or  a  crystalline  powder.  It  is 
sparingly  soluble  in  cold  water,  but  very  soluble  in  hot  water. 
Formula,  (C,  N,  H*  0.,  H  0,  N  O,  ). 

The  oxalate  forms  long  transparent  prisms,  very  sparingly  soln- 
We.    Fonnula,  (C»  N.  H4  0.,HO.  C.  Oi)  =  C«  N.  Hi  O.. 
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The  uceitkto  I  liavu  obtained),  ns  a  mivs  of  prUmatic  crrstals, 
exc«^ilin<;ly  Kiilubic  iii  wnliT.  >'umiulit,  probnbly,  (Ci  Nt  n*  Oa, 
HO.C.HiO.)  =  C«N,  IlnO.. 

Al[hi>u!>h  uroft  combines  wiih  pure  nkriu  HciJ.  it  is  inslnntane- 
ou^ly  liecumposed  by  hyponitrous  ucid,  jk-lding  nmtnonia,  -wnler, 
nnd  <;<]U)i]  vulumca  of  ciirbonic  acid  nnd  nitrogen  gnscs :  Ci  Nj 
U.0j+N0j  =  NHi-}.H0  +  2C0.  +N>.  When  acted  on 
by  strong  ncidn  or  alcalics,  with  the  aid  of  heat,  urea  takes  up  tbc 
elemenis  of  water  nnd  forms  carbonate  of  ammoDia  :  Ci  Ni  H«  Oi 
+  SH0  =  2(NH9,CO.).  When  urine  is  left  in  contact  with 
the  mucus  usually  suspended  in  it,  the  mucus  entering  into  de- 
compoaition  excites  in  tne  urea  such  a  reaction  with  the  elements 
of  water,  aa  very  soon  to  convert  the  whole  urea  into  carbonate  of 
ftmmonia.  Hence  the  reason  why  urine  soon  becomes  akaliae, 
even  if  acid  when  voided.  But  if  filtered  from  the  mucus  as 
soon  as  passed,  it  keepa  unchanged,  ia  clean  vesscli,  fur  a  long 

3.  FoLHimc  ActD.     C7*Ot,3HO  =  CytOi,Hi  =  S6.5. 

A  bibasio  acid,  unknown  in  the  sepante  fonn.  Itis  obtnined 
in  combination  with  oxide  of  mercury,  or  oude  of  silver,  by  treaU 
ing  alcohol  with  the  nitrates  of  these  dmImIs,  and  free  nttnc  acid. 
A  violent  effervescence  takes  place,  dense  white  vapors  ore  disen- 
gaged, nnd  a  crystalline  powder  ia  deposited,  which  ia  fulminate  of 
mercury  or  of  silver.  Both  detonate  powerfully  by  heat,  friction, 
or  percussion. 

In  the  above  reaction  there  are  first  formed,  on  the  one  hand, 
hyponilrous  acid  ;  on  the  other,  aldehyde,  and  formic  and  oxalic 
acids.  The  fulminic  acid  ia  the  result  of  a  reaction  between  oxide 
of  ethyle  (ether)  and  hyponitroos  acid,  in  presence  of  oxide  of 
mercury  or  oxide  of  silver:  SNOs  +  fCi  H.)0  =  C4  Ni  Ot-f- 
fi  H  0  =  Cyi  Oj  ,  2  H  0  4- 3  H  0. 

This  acid  cannot  be  isolated,  being  instantly  decomposed  when 
deprived  of  a  fixed  base.  It  forms  two  series  of  salts ;  neub^l, 
with  2  eq.  of  fixed  baae,  Cyi  Ot,  2  M  O  ;  and  acid  with  1  eq.  of 
fixed  base  and  1  of  wat«r  Cyi  Oi,  ]i(q  It  also  forms  salta  with 
]  cq.  of  two  different  bases,  of  which  one  is  always  easily  reduci- 
ble, as  oxide  of  silver,  mercury,  and  copper,  while  the  other  may 
be  difficult  to  reduce,  such  as  buryta,  potash,  Ac. 

The  fulminates  of  ulver  and  mercury,  Cyi  0>,  i  Kg  O,  and 
Cyi  Oi ,  2  Hg  O,  arc  examplea  of  the  first  class.     The  acid  fulmi- 

nate  of  line,  Cyi  Oi   ]  7    q  formerly  aopposed  to  be  fulminic  add, 

is  an  example  of  the  second ;  and  the  double  fnlmiDstea  of  oopper 

and  ulver,  and  of  potMh  and  silrer,  Cjt  ^*  \  i^q  '^  Clys  Os 
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J  AtfO  ^rc^^^'^p's^*^'^'^"^  tliird.  Noneutrnl  fulminnles  exist  with 
2  cq.  of  a  difficultly  reducible  oxide,  such  as  potash,  soda,  baryla, 
&.C, :  cor  da  nuy  acid  rulmiiialus  occur  with  such  bases.  These 
very  i-L'tnarltable  facts  evidently  point  to  some  relation,  not  yet 
understood,  betireen  the  oxygen  of  the  base  ia  a  salt  and  thu  acid 
of  that  salt.  Of  course  ttU  the  above  fonuulK  may  be  written 
according  to  the  theory  of  com[)ound  radicals  aud  hydrogen  acids. 
To  prepare  the  fulminate  of  mercury,  which  is  much  used  for 
pcrcus.sion  caps,  1  part  of  mercury  is  dissolved  in  13  parts  of  nitric 
acid,  Sp.  G.  13-6  ;  11  parts  of  alcohol  at  80  per  cent,  are  added, 
and  the  whole  is  warmed.  A  bnsk  reaction  soon  ensues,  very 
tliick  white  vapors  are  given  off,  and  the  salt  is  deposited  in  crys- 
talline grains,  mixed  with  a  little  metallic  mercury.  This  salt 
explodes  by  friction,  by  percussion,  or  by  heat,  and  it  is  a  danger- 
ous product,  exploding  occasionally  without  apparent  cause.  An 
explosion  of  this  nature,  not  long  since,  destroyed  tlie  distinguished 
chemist,  Mr.  Henoell,  who  was  prejiaring  a  large  quantity  in  the 
open  air.  The  fulminate  of  silver  is  prepared  m  llie  same  way, 
only  with  10  parts  of  nitric  acid  aud  20  of  alcohol.  Caustic 
alculiea  precipitate  from  its  solution  half  the  silver,  forming  double 
fulminates ;  and  chlorides  also  only  precipilale  half  the  silver. 
Nitric  acid,  added  to  the  solution,  causes  a  deponte  of  acid  fulmi- 

""  "t""'".  CJ-  0.   {  ^°o    or  Oj.  O,   1 1 

Hydrochloric  acid  added  to  fulminate  of  silver,  gives  rise  to 
water,  chloride  of  silver,  hydrocyanic  acid,  and  a  new  acid,  cblQ> 
rohydrocyanic  acid,  C>  N  CU,  Hi.     Thus.  Ci  Na  0..  2  Ag  0  + 

7HC!  =4H0-f  2  AgCl  +  Ca  NH+  Ca  NCli,Hi. 

3.  Cyanuhic  Acid.     CysOi,3  HO  =  Cyi  Os.Hi  =  136-76. 

A  tribasic  acid  discovered  among  the  products  of  the  distillatioa  ■ 
of  uiic  acid.  It  is  formed  when  solid  chloride  of  cyanogen,  Cyi 
CIj,  acta  on  water;  CyaClj  +  6  H  0  =  3H  Cl-|- Cy.  0.,  Hj.  It 
is  also  formed  when  urea  is  heated  so  as  to  expel  its  ammonia. 
According  to  whac  has  been  stated  of  the  composition  uf  urea,  it 
ought  to  yield  cyanic  acid  when  deprived  of  its  ammonia  ;  but  at 
that  temperature  3  eq.  of  cyanic  acid,  3  Cy  0,  H  0,  coalesce  to 
form  1  eq.  of  cyanuric  acid,  Cya  Os,  3H0.  When,  again,  acetic 
acid  is  added  to  cyanalc  of  potash,  in  quantity  insufGcient  to 
decompose  the  whole,  there  is  deposited  a  salt  which  is  an  acid 
cyannrate  of  potash,  Cyj  Oa  1  g  H  O 

Finally,  cyanuric  acid  is  obtained  by  dissolving  melnme.amme- 
'ine,  ammelide  and  metamine  (see  those  sub.stances)  in  sulphuric 
cid,  and  diluting  and  heating  the  solution,  until  it  yields  no  pre- 
ipilatc  with  ammonia.      On  evaporation  and  cooling,  the  acid 


h  are  Cri  Oi.  3  H  0  -!-  -t  ao-   Wbi<n 

dfeol^t  n  kN  HCrie  or  b^dneUivW  lod.  k  »   I  gj^  r.  » 

.  m  MihjjFB<B  mfllwilnwi       Wlien  i:  has  bM*  pvpofwii 


■reraMcaad:  3  (CyO.HO(=Cy,  O..  3B0. 

like  other  tribal  adia,  ^awnk  idd  (dtims  tkne  Mries  of 
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Cr>0..3flO.    Cy.O.    J^tfo     Ct.O.   j^^' 

Tbenib  wiili  I  and  t  eq.  W  fixed  bMe  an  add :  tint  with  3  «^ 
ia  Mtttnl.  Wil&  potadi  and  other  ainilv  oikles,  obIt  the-  bi« 
aeid  aaka  we  Inova  :  with  oside  of  nlrer,  tlie  salu  wi&  Sand  3 
eq.  of  oijde. 


hare  exactlr  the  ammt  eonpoMOiM  in  lOD  puta ;  and  yet  iher  MB 
M  pnytTttCT  CTlireIr  frOTwhg ;  tliu  can  oo^  be  aomnted^W 
•MM  ncfcdAreace  to  ihekferinnbeBi  it  exhibited  above.     Ite 

"^ — ?  ^'^t**wU*T  «  wk  of  ammonia,  the  "    '     - 

'        '         ^   "     '^  «7>*t^  into  nea ;  m&  wiHk 
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vliich  has  no  acud  properties  ;  and  wliicb  is  nlso  obtaiaeA  as 
a  while  iDsolubie  powder,  wben  fused  cyanate  of  potash  is  IriUi- 
rated  with  dried  oxalic  acid,  id  which  uase  oxalate  of  potash  is 
formed,  and  the  cyaaic  acid,  at  the  momeDt  of  being  set  free,  is 
transformed  into  cyamelide.  Cyamelide  is  neutral  and  insolu- 
ble in  water  and  acids.  It  dissolves  in  aqua  potassse,  ammo- 
nia being  evolved,  and  the  solution  yields  cyanurate  of  potash. 
Heated  by  itself  it  yields  crauic  acid,  which  a^n  passes  into 
cyamelide  ;  and  when  hea[«a  with  strong  sulpharic  acid,  it  fortns 
sulphate  of  ammonia,  while  carbonio  acid  escapes :  Ibis  action  is 
identical  with  that  which  occurs  wben  cyanic  acid  is  acted  on  by 
_  water  and  by  acids.     All  these  observations  prove  that  cyamelide 


I  another  isomeric  modiGcation  of  cyanic,  fulminic.  ( 


Jl^watt 
^■ia  a 

^■tcid.  Its  probable  formula  is  Ca  Oa  -f  N  H,  and  ibis,  with  2  eq. 
^VlS  0,  yields  bicarbonate  of  ammonia,  jiut  fti  cyanic  acid,  the  for- 
^V  inula  of  which  is  the  same,  does.  Tlie  oictfoa  of  potash  is  proba- 
V  biy  this:  4(C.0i.NH)  +  3H0+4K0  =  C.NjO.,  j^|*^ 
W  +  2KO,  COa-fNHs;  that  is,  4  eq.  cyamelide.  3  eq.  water, 
and  4  eq.  potash,  yield  1  eq,  cyanurate  of  potash,  8  eq.  carbonate 
of  potash,  and  I  eq.  ammonia. 

The  three  oxygen  acids  of  cyanogen  may  be  fitly  compared  with 
the  three  phosphoric  adds ;  and  as  we  have  hitherto  made  use  of 
the  older  view  of  these  acids,  that  which  makes  them  hydrated 
oxygen  acid,  we  shall  in  this  comparison,  adopt  the  other  theory, 
and  speak  of  them  as  hydrogen  acids, 

MoaDbulc  nitiwip.  Tribute 

Acids  of  cyanogen,      Cy  0>  +  H        Cyi  0<  +  Hi        Cy>  0«  +  Hi 
Acids  of  phospUoniB.   P.O.-^-H        P.Oi-)-H.  P.  O.  +  Hi 

In  the  cyanic  acids,  both  the  radical  and  the  replaceable  hydro- 
gen being  doubled  and  trebled,  the  capacity  of  saturation  increases 
ID  the  Bame  ratio.     In  the  phosphoric  acids,  the  capacity  of  satu- 
rattoD  also  increases  with  the  replaceable  hydn^n,  but  a  great 
Addition  to  the  radical  has  no  corresponding  effect  in  increasing 
either  the  replaceable  hydrogen  or  the  neutralizing  power.     Thus, 
if  to  tribasic  phosphoric  acid  Pa  Oa+  Ha  we  add  2  eq.  of  P.  Oi 
=  P4  Oi.,  we  obtain  P.  On  +  Hi  =  3  (P.  O.  +  H)  ;  that  is.  the 
acid  becomes  monobasic,  but  the  quantity  of  bnee  neutraliEed  is 
the  same  after  that  addition  as  before.     Notwithstanding  this  dif- 
ference, however,  the  analogy  between  the  monobasic,  bibasic  and 
tribasic  acids  of  cyanogen  and  phosphorus,  as  well  as  that  between 
their  salts,  is  most  interesting  and  worthy  of  attention.     As  we 
H     believe  that  the  phosphoric  acids  contain  three  diOerent  radicals,  Pi 
^L    Oi,  Pi  Ot.  and  Pi  0>,  so  we  may  admit  that  the  three  cyanic  acids 
^H  have  each  a  distinct  radical ;  only  in  this  case  the  three  radicals  are 
^H   alike  In  composition,  and  differ  in  their  relative  weight :  the  first 
■  'being  C>  N  =  Cy;  the  second  C,  Ni=  Cyi;  and  the  third  C.  Ns 
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cyanogen.     Tlie  reUtions  of  chlorine  to  cyanoj 

ence  of  paracyanog«Q,  counlennncu  this  iden. 


words,  [licso  radicals  arc  cyanogens,  [liffering 

diOerent  allolropia  '|am»  of 

of  chlorine  to  cyanogen,  ud  tlie  exist- 


cr*HOUBN  AND   ( 

Mellone  =  Cys  N  =  C.  Ni=Me  =  93. 
Cyanogen,  when  it  combines  with  nitrogen  io  the  proportion  o( 
3  eq.  Cy  i«  1  etj.  N  '=  Cs  N|,  produces  a  very  remarkable  com- 
pound, discovered  by  Liebig.  and  called  mcllone,  vhich  being 
Itself  a  well-marked  compound  radical,  will  be  described  as  such, 
and  not  as  a  compound  of  cyanogen 

OTAXDOBiC    A.TD 


Cyam^n  fonna  two  chlorides  :  one  gaseous,  but  compressible, 
obtamcd  by  the  ncdon  of  chlorine  gas  on  dry  hydrocyanic  acid ; 
the  other  solid,  formed  by  a  spontaneous  transformation  of  tbe 
former  when  kept  ip  the  liquid  form  in  sealed  tubes.  Both  are 
volatile  and  both  contaiD  cyanogen  and  chlorine,  equivalent  for 
equivalent.  But  tlie  vapor  of  the  solid  chloride  is  three  times 
denser  than  that  of  the  other ;  and,  moreover,  the  solid  cbloride. 
In  contact  with  water,  produooa  hydrochloric  and  cyaniiric  adds  ; 
while  the  gaseous  chloride,  under  the  flame  ci re um stances,  girea 
rise  to  hydrochloric  acid,  and  cyanic  acid,  the  latter  with  water,  kt 
once  passing  into  bicarbonate  of  afflmonia,  so  that  the  Gnal  resnlt 
is  sal  ammoniac  and  carbonic  acid. 

These  considerations  prove  that  Uie  two  chlorides  are  Isomeric  ; 
that  tbe  first  or  gaseous  chloride  is  Cy  CI ;  and  that  the  solid  chlo- 
ride is  Cyi  CI),  and  is  formed  by  the  junction  into  one  group  of  3 
eq.  of  ihe  other ;  and  we  are  consequently  justified  in  extending 
this  view  to  cyanic  and  cyanuric  acids,  and  in  supposing  the  vnpor 
of  the  latter  to  be  tliree  limes  more  condensed  than  the  vapor  of 
eyanic  acid  ;  and  the  cyanogen  of  cyanuric  acid  to  be  the  ctm 
gen  of  the  solid  chloride,  and  three  times  denser  than  ordimi 
cyanogen. 

~ ~t    WITH    BROUINE    AND    lOPlSK. 


dinary 


With  these  elements  cyanogen  readily  combines  irhen  cynnide 
of  mercury  is  distilled  with  bromine  or  iodine.  The  bromide  and 
iodide  are  both  volatile,  and  crystal litable,  pungent  and  poisonous. 

To  judge  by  tbe  density  of  their  vapors,  theae  compounds  are 
Cy  Br  andCy  I,  corresponding  to  the  liquid  chloride,  vnich  is  also 
very  pungent  and  irritating  to  the  eyee. 


Bisulphide  of  Cyanogen.     CySi  ^58-6 

When  sulphocyanide  of  potassium,  (see  that  salt),  is  acted  on  by 

■hlorioe  or  by  dilute  nitric  acid,  there  is  obtained  an  orange -yellow 


I 

t 
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powder,  vhich  contnins  sulphur  aod  cyanogen,  nnd  which  is  sup- 
posed by  «ome  to  be  bisulpliide  of  cyanogen,  by  oibers  to  conliin 
hydrogen.  This  question  will  be  conudered  heredfler,  for  whether 
this  be  so  or  not.  there  is  a  compound,  possibly  that  compound,  of 
lulphur  Olid  cyanogen,  which  acts  as  s,  radical,  and  is  hence  called 
sulphocyanogen.  It  will  be  described  Bepnrately.  since  it  is  far 
e  important  as  a  radical  than  aa  n  compound  of  cyanojjen. 


With  metals,  cynnogen  fornis  compounds  which  in  many  eases 
are  analogous  to  the  chlorides  of  the  same  molal.  When  the  metal 
is  easily  reducible,  such  as  silver,  mercury,  or  palladium,  the 
cyanide  is  formed  by  the  action  of  hydrocyanic  acid  on  the  oxide, 
or  its  Baits  :  M  0  +  H  Cy  =  H  O  +  U  Cy.  In  the  case  of  diffi- 
cultly reducible  metals,  snch  as  potassium,  hydrocyanic  acid  seems 
to  combine  with  the  oxide,  not  being  abk  to  reduce  it,  until  another 
cyanide  is  added,  which  tends  to  form  a  double  cyanide. 

Cyanide  tif  Potasaiuni,  =  K  Cy  —  Is  best  formed  by  healing  to 
whiteness  in  close  vessels  the  ferrocyanide  of  potassium,  a  salt 
which  may  be  viewed  aa  containing  cyanide  of  iron  and  cyanide 
of  potassium.  The  former  is  ctuirerted  into  insoluble  carbide  of 
iron  ;  the  latter  remains  unchannd,  and  may  be  mechanically 
picked  out,  or  dissolved  by  hot  alcoQoI  of  60  percent.,  which  deposits 
It  on  coohng.  Or,  an  alcoholic  solution  of  pure  and  dry  hydro- 
cyanic acid  is  added  to  an  alcoholic  soldtioD  of  potash  ;  or.  lastly, 
the  vapors  of  hydrocyanic  acid,  formed  on  the  process  given  at  p. 
296,  are  conducted  into  an  alcoholic  solution  of  potash,  kept  cool, 
when  the  salt  is  deposited. 

It  is  whito.  and  crystallizable  in  cubes.     It  has  no  smell  when 

fnre,  but  when  exposed  to  moist  air,  smells  of  hydrocyanic  acid, 
t  is  very  poisonous.  When  heated  it  fuses  easily,  and  is  not 
altered  by  neat  in  close  vessels.  Heated  in  the  air  it  absorbs 
oxygen,  and  is  converted  into  cyanate  of  potash,  K  Cy  -|-  0»  = 
K  O.  Cy  0.  It  is  very  solable  and  deliqaescent,  and  its  solution, 
attracting  carbonic  acid  from  the  air,  gives  o£f  hydrocyanio  acid  : 
henee  its  smell. 

Cyanide  of  Sodium  —  Is  analogous  to  the  preceding  salt. 

Cyanide  of  Zinc,  Zn  Cy  —  Is  obtained  by  adding  hydrocyanic 
acid  (a  acetate  of  zinc.  It  is  a  snow-white  insoluble  powder,  which 
is  used  in  medicine. 

Cyanide  of  Iron.  —  Protocyanide  of  iron,  Fe  Cy,  has  not  been 
isolated.  There  appears  to  exist  n  percynnide,  also  not  yet  isola- 
ted, Fei  Cya  ;  and,  according  to  Pelouze,  there  may  be  obtained 
an  intermediate  cyanide,  Fei  Cyt,  analogous  to  the  magnetic  oxide 
of  iron,  as  a  green  powder. 

Uut  although  the  cyanides  of  iron  are  little  known,  there  are 
:ry  importiint  compounds,  especially  those  of  two  radical.i. 
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witicli  conUin  those  i-letnents,  namely,  cyanogen  and  iron,  along 
with  hydrogen,  and  wilt  meials.  Tbese  will  be  described  after 
we  h«ve  gone  oT»r  the  ^mple  cynnidcs  of  ihu  metHls. 

CyaniJt  v/  QAait.  Go  Cy —  Is  obtuned  as  a  brownish  white 
prceiutatu,  by  Rdding  hydrocyanic  acid  to  the  ncelAte  of  cobalt. 
Cobiul  also  furms  compounds  analogous  lo  those  oF  iron  above 
alluded  to,  with  cyanogen,  tkc 

Bicyanidt  of  Mfrcury,  Hg  Cyi —  Is  easily  obtained  by  dissolring 
red  oxide  of  mercury  in  very  dilute  hydrocjanic  acid,  litl  the  smell 
of  the  acid  is  destroyed.  Tbe  liquid,  rendered  neutral,  if  neces- 
sary, by  a  few  drops  of  hydrocyanic  acid,  yields  fine  crystals,  on 
evaporation  and  cooling.  Or  it  may  b«  made  by  the  action  of 
time  parts  of  persulphate  of  mercury  on  two  of  ferrocyanide  of 
potassium  dissolved  in  fifteen  of  hot  water,  which  is  boiled  and 
filtered,  and  the  61iervd  liquid  on  cooling  deposits  the  bicyanide. 

It  forms  regular  prismatic  crj^stnls,  permanent  in  the  air,  of  » 
horrible  metallic  taste,  soluble  in  water  and  alcohol.  It  is  used 
for  making  cyaaweii.  also  to  prepare  hydrocyanic  acid  by  one 
process,  and  to  yield  the  bromiue  and  iodide  of  cyanogen. 

CjtanifU  of  Silrvr,  Ag  Cy.  —  Formed  by  the  acuon  of  hydro- 
cyanic ftcid  or  cyamde  of  poUssium  on  nitraie  of  silver.  It  u 
esaetly  similar  to  the  chhwide,  whit*,  curdy,  insoluble  in  water  or 
acids,  soluble  in  ammonia.  It  \a  decomposed  by  hydrochloric  acid, 
yielding  hydrocyaoie  aoid. 

Cyanidf  t/  i'aUadiitm,  Pd  Cy  —  The  affinity  of  cyanogen  fcjv 
palladium  is  most  pow«rfaI.  aod  hydrocyanic  acid,  or  a  soluble 
cyanide,  when  added  to  a  salt  of  oxide  of  palladium,  precipitates 
the  cyanide  as  a  gray  powder.  This  properly  serves  for  aepara- 
tiuff  palladium  from  other  metals. 

Csanidtt  ef  &oU.  —  The  protocyanide.  An  Cy.  is  formed  1^ 
adding  cyanide  of  potassium  in  excess  to  protochtoride  of  gold, 
till  a  clear  solution  is  formed,  and  then  adding  hydrochloric  aeidt 
which  precipitates  the  protocyanide  as  a  bright  yellow  powdeTi 
very  permaneni,  and  soluble  in  cyanide  of  potassium. 

The  Icrcyunide.  An  Cyi.  b  formed  by  the  aclic»i  of  cyanide  o( 
potassium  un  terehloride  of  gold,  and  appears  as  wbilish-yeUow 
precipitate,  soluble  in  cyanide  of  potassium,  iosoJuble  in  acids. 


The  insoluble  metallic  cyanides,  such  as  thorn  of  iron,  cobalt, 
copper,  silver,  gold,  plaUDum.  and  others,  diss«lve  readily  ia 
oy»wde  of  potaKiiuM,  o,  sodium,  forming  ctystaliisable  double 
cVaBlMa,  wUcb  ar«  not  affected  by  soluble  carbonates  nor  by 
eUoride«.  but  are  gvoerally  decomposed  by  acids,  which  prveipi- 
tate  the  msuluble  cyanide.  If  these  double  cyanides,  which  may 
be  S  K  Cy  +  m  Cy  <n  Cy.  being  an  insoluble  metallic  cyanide),  are 
added  10  the  sdlutkNi  i4  the  tokk  of  another  metal  iittaiag  aim 
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an  insoluble  cyanide,  tbis  latter  metal  Ukcs  Uie  place  of  ihe 
potassium,  and  a  new  double  insoluble  cj'iiniJe  is  tte  result-  Thus, 
(8KCj'+raCy)+8MO  =  2KO  +{2MCy  +  mCy).  (Here 
m  may  be  iron  and  M  copper  or  lead)  Now,  as  lliese  double 
CfanideB,  thus  precipitated,  are  of  various  and  often  chnrauleristic 
colors,  the  ferrocyunide  of  potassium,  2  K  Cy  +  Fe  Cy,  ia  eitens- 
ively  used  as  a  test  for  metals. 

The  prolocyanide  of  iron,  the  percjanlde  of  iron,  the  percyanide 
of  cobalt,  and  perhaps  some  others,  not  only  form  double  salts  with 
the  elements  of  eyanide  of  potassium,  but  also  produce  very 
remarkable  acids,  by  combining  with  the  elements  of  hydrocyanic 
acid,  that  is,  witli  hydrogfin  replacing  tbe  potassium  of  the  double 
salt.  Thus  ferroayanic  acid  is  2  H  Cy  +  Fe  Cy,  nad  so  on.  In 
these  compounds  the  hydrocyanic  acid  ia  no  longer  poisonous,  and 
it  is  therefore  highly  probable  that  these  acids,  and  their  corres- 
ponding salts,  really  contain  new  and  very  peculiar  radicals.  The 
assumption  of  tlieae  radicals  will  alone  enable  us  to  classify  or 
remember  these  compounds. 

rV.    PEBROCTiKOGEN.       Cvi  Fe=  Cf/ =  10587. 

We  assume,  then,  the  existence  of  this  radical  as  the  basis  of 
ferrocyaiiide  of  potassium,  or  pnnwiate  of  potash.  It  is  bibusic, 
combining  with  2  eq.  of  hydrogen  or  of  metals.  The  following 
formula  expresses  the  composition  of  ferrocyanic  acid,  and  of 
ferrocyunide  of  potassium,  Ac. 

Perrocyanic  scid  =  Cry,Hj=  CysPe,Hi=3H  Cy+FeCy. 

Ferrocyanide  of  pota8Bium=  Ciy,  K.=  Cy»Fe,  Ki=2KCy4Fe  Cy. 
■■  iron  =3Cfy,Fe,=3CysFe,Fe.=9Cy  -f 7  Fe. 

It  will  be  seen,  by  the  two  first  compounds,  that  we  may  con- 
sider them  either  as  compounds  of  the  radical  Cfy  with  hydrogen 
or  metals,  or  as  double  cyanides.  In  the  third,  which  is  the  form- 
ulce  of  Prussian  blue,  we  see  that  the  iron  exists  in  two  different 
states,  in  one  of  which  it  cannot  be  detec(«d  by  the  usual  lest*. 
That  form  ia  the  radical  Cfy,  which  eitiata  also  in  the  two  preced- 
ing compounds. 

Porrocysnic  Acid.     Cfy,  Hi  =  10787. 

This  very  interesting  compound  is  obtained  by  mixing  a  cold 
saturated  solution  of  ferrocyanide  of  potassium  with  one-quarter 
its  volume  of  strong  hydrochloric  acid,  and,  agitating  the  mix- 
ture with  half  its  bulk  of  pure  ether :  the  ether  rises  to  the  surface, 
carrying  with  it,  suspended,  a  white  crystalline  substance,  which 
when  washed  wiili  ether  and  dried,  is  ferrocyanic  acid.  It  is  so- 
luble in  water  iind  alcohol,  has  a  decidedly  acid  taste  and  reaction, 
and  decomposes  the  alcaline  carbonates,  forming  with  carbonat« 
■  of  potash  the  ferrocyanide  of  pota^ium-     The  production  of  ibii^  2 

t  pound  by  the  action  of  hydrochloric  acid  on  ferrocyunide  of  J 
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poUsnum  is  verv  easily  explained  :  Cfv.  Kj  +  8  H  Cl=  Ch,  Hs 
+  S!  K  CI.  ■  " 

Alihuu^'h  thi  j  compound  may  be  reprcsenteil  as  a  combinatioa 
or  craiii Ji-  of  iron  with  hTdrocrnoic  acid,  Fu  Cv  -|-  3 II  Cr,  there 
\»  evtry  ru.ison  to  bolicve  that  it  contains  no  hydrocyanic  ncid,  as 
such.  Kiir  not  only  is  it  £tr  more  strongly  aeid,  (nnd  protocyanido 
of  iron  ciinnoi  be  supposed  to  (rive  acid  properties  to  hydrocyanic 
acid,)  but  it  is  totally  destitute  of  all  poisonous  properties,  for  both 
it  and  its  siiUa  muy  bo  taken  internally  without  farther  effect  thaa 
the  Inxative  action  common  to  most  neutral  salts. 

Ferrocyanic  acid,  being  bibasic,  forms  two  kinds  of  salts :  in 
the  first  the  3  eq.  hydrogen  are  replaced  by  3  cq.  of  potassium, 
Bodium,  dec. ;  in  trie  second  they  are  replaced  by  equivalents  of  two 
difierent  metals,  such  u  potassium  and  barium.  An  example  of 
the  first  class  is,  Cfy  +  Km;  of  the  second  Cfy  j  ^^  Of  all  these 
compounds,  by  far  the  most  important  is  the  ferrocyanide  of  potas- 
uum,  or  prussiate  of  potash,  from  which  all  the  compounds  of 
cyanogen  may  be  prepared,  and  which  is  manufactured  on  tbe 
lar^e  scale,  being  also  used  in  the  arts. 

Ttrroryanide  ^  PulaaMiHrn.  8rs.  Pntuiale  nf  Polaih.  —  Anhv- 
drous,  Cfy  Ki ,  1 04- 17.  Cr^-stalliMd,  it  is  Cfy,  K.  -}-  3  H  0  =  21  l-'z. 
This  valuable  suit  is  prepared  by  fusing  animul  matter,  such  as 
dried  blomi,  lioufs,  hair,  horns,  iic,  or  the  nnimal  charcoal  re- 
maining after  such  matters  have  been  dt'^titied,  to  obtain  carbonate 
of  smmoniii,  with  potnshes  or  pcarlash  in  iron  veHsels,  as  long  as 
eas  is  disengaged.  The  meltt-d  mass  is  then  wiihdruwn  from  the 
lire,  and  when  cold,  lixiviated  with  water,  the  solution  digested  with 
the  insoluble  part,  filtered  and  evaporated,  when  it  deposits,  on 
cooling,  yellow  crystals ;  which  by  n  second  eolulion  and  crystal- 
lisation become  quite  pure. 

The  es.senli!tl  points  of  this  process  are,  first,  the  presence  of  u 
much  nilrt^'en  as  possible  in  the  animal  matter :  hence,  fresh, 
dried,  nncaUini'd  animal  matter  is  far  preferable  to  animal  ch&r- 
conl.  Secondly,  the  presence  of  metallic  iron,  or  sulphide  of  iron  : 
the  former  ia  either  directly  derived  from  the  ves.<els.  which  are 
rapidly  corroded,  or  added  as  tilings;  the  latter  is  formed  from 
the  iron  of  the  vexscls  by  the  action  of  bisulphide  of  potassium, 
which  arisex  from  the  decomposition,  by  charcoal  at  a  red-heat,  of 
the  sulphate  of  potash  contained  in  the  potashes  or  pearlash  ; 
hence,  pure  carbonate  of  potash  is  not  adapted  to  this  process. 
Thirdly,  the  exclusion  of  the  air  aa  far  H  possible,  in  order  to 
prevent  the  oxidation  and  destruction  of  the  cyanide  of  potas- 
sium formed. 

The  explanation  of  the  process  is  very  umple  and  beautiful,  and 
we  are  indebted  for  it  to  ue  reseuxhei  of  LieUg.  When  animal 
matter  is  heated  along  with  potash,  oyanogen  is  formed,  and  eom- 
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UniDg  with  the  potassium,  (set  free  at  the  name  Ume  by  the  acUon 
of  carbon  on  potash)  produces  cyanide  of  potassium,  a  salt  which 
is  Dot  decomposed  by  a  red-beat  in  closed  vessels.  At  the  some 
time,  metallic  iron  and  eulpbide  of  iron  are  present  in  the  mixtDre, 
but  not  a  trace  of  the  ferrocyanide,  previous  to  the  action  of  wftter, 
for  the  very  obvious  reason,  that  the  ferrocytmide  is  decomposed 
bv  a  red-heat  into  cyanide  of  potassium  and  carbide  of  iron, 
nitrogen  being  disengaged. 

If  the  cooled  mass  be  now  digested  in  water,  the  cyanide  of 

Eotassium  dissolves  either  the  metallic  iron  with  dJsen|;Weinent  of 
ydrogen,  or  the  sulphide  of  iron,  and  the  filtered  liquia  now  con- 
tains Uie  ferrocjranide. 

Direct  eipenmenis  have  shown  that  cyanide  of  potassium  dis- 
solves either  iron,  oxide  of  iron,  or  sulphide  of  iron,  producing  th« 
ferrocyanide,  3  KCy  +  Fe  +  H  0  =  (  2K  Cy -f  Fe  Cy)+  KO 
+  H;  or,  3KCy  +  Fe8  =  («KCy  +  FeCy)+K8.  Audit 
has  also  been  shown  by  Liebig  that  if  the  fused  mass  be  lixiviated 
with  slcohol,  the  residue,  when  treated  with  water,  yields  no 
ferrocyanide,  while  the  alcohol  contains  none,  but  only  uyanide 
of  potassium. 

Taking  these  facta  into  consideration,  perhaps  the  best  method 
would  be  to  use  pure  carbonate  of  potash,  free  from  sulphate,  by 
which  means  no  sulphide  of  potassium  would  be  formed,  and  the 
iron  vessels  would  not  suffer  as  they  now  do.  The  cyanide  of  pot- 
assium, being  dissolved  in  water  and  filtered,  should  then  be 
placed  in  contact  with  iron  turnings,  in  flat  open  vessels,  when  the 
third  part  of  the  potassium  being  oxidized  by  the  air,  the  iron 
is  rapidly  dissolved,  and  a  quantity  of  ferrocyanide  obtained  equal 
to  that  indicated  by  the  cyanide  of  potassium  present. 

The  ferrocyanide  of  potassium  forms  large  honey-yeltow,  trana- 
parent,  flat,  quadrangular  prisms,  derived  ^m  a  rhombic  octahe. 
dron.  It  is  very  soluble  in  water,  and  forms  precipitates  in  almost 
all  metallic  solutions,  many  of  which  ore  characteristic.  Thus, 
with  solutions  of  zinc  and  lead  it  givea  a  white  precipitate,  with 
those  of  copper  a  chesnut- brown,  with  those  of  peroxide  of  iron  a 
deep  blue,  with  protoxide  of  iron  a  pale  blue,  witn  those  of  barium 
ana  calcium  whitish -yellow  crystalline  precipitates.  The  lead  pre- 
dpitete  is  Cfy,  Pbi ;  that  of  copper,  Cfy,  Cn> ;  those  of  barium  and 
calcium,  Cfy  j|^  and  Cfy  jg^ .  and  that  of  zinc,  2  Cfy  -h  j  ^* 
+  6  aq  =  Cfy,  Zni  +  Ctj  jl"  +  6  aq-  That  of  protoxide  of 
ironiaSCfy  j|"=  Cfy,  Fe,  +  Cfy  $  J"    All  of  these  formula  are 

easily  referred  to  the  general  formula  of  the  ferrocy snides,  Cfy,  Mi . 

^smxyankft  ij/* /ron.  —  But  the  most  remarkable  of  all  these 

compounds,  is  that  formed  with  peraalts  of  iron,  namely,  Pniasian 
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blue.  It  B  product  when  fi^rrocTauiide  of  polasaiiini  oomet  in 
CvmcacC  with  pervhloride,  or  anv  saU  of  peroxide  of  iron.  Now  as 
l^rr^vvanv«^*Q  is  a  bi basic  radical.  1  eq.  of  ic  corresponds  to  2  eq. 
of  ^KUussium.  hydrvx^'Q.  oxr^n,  chlorine*  «itc. ;  and  as  perchloride 
of  irvm.  Ke:i  CU.  conuins  :$  eq.  of  chlorine.  \^  eq.  of  terrocyanide 
of  (K>cas!uum  will  be  required  (o  decompo^  1  eq.  of  it,  or,  to 
aYv>id  t'rsioUvHis.  3  eq.  of  ferrocjankie.  Cfrs  Ki  =  3  Cfy,  Kj,  are 
requinsl  tor  -^  eq.  wrvhloride  of  iron,  i  Fea  Cls^  Fe4  Cli.  The 
resalt  is.  Ofvj  K*-r  Ke«  Cl«=  6  K  CI  -r  Cfjs  Fe*;  and  this  last 
is  the  true  6>raittla  of  Prussian  blue,  although,  from  its  tendency 
U>  cv^mbiue  bi.>th  with  &rrvvyanide  of  potassium  and  with  oxide  of 
irvMi.  its  analysis  otfers  great  difficulties.  The  fiMmola  Cfys  Fe^p 
or  Ke4  Ofys,  shows  that  IVussian  blue  corresponds  to  peroxide 
and  LH'rchloride  (sesquioxide  and  sesquichloride)  of  iron.  Fes  Os 
and  rVj  CU.  for  Ct\  being  bibasic  is  equivalent  to  CU  orOs»  and 
cv^usequeiitly  Ke«  0?yt  is  equivalent  to  Fe4  Gf  or  Fe4  Ot,  that  is 
to  t  bVv  Cij  and  ^Fea  O3.  It  must  be  admitted  to  be  a  very 
strvm^  argument  in  £ftvor  of  the  exbtence  of  ferrocyanosen,  as  a 
bibasic  radical,  according  to  the  theory  of  Liebig,  thai  Frussiaii 
blue,  in  all  other  theories,  the  most  complex  and  anomalous  com- 
p^>uud  iu  the  whole  range  of  chemistry,  becomes  quite  normal  and 
ouc  ot*  a  series. 

Ferrocyauide  of  potassium  is  employed  to  yield  cyanogen  and 
all  its  compounds.*  We  have  already  seen  how  cyanogen,  hydro- 
cyanic acid,  cyanide  of  potassium,  cyanate  of  potash,  urea,  cyanic 
and  cyanuric  acids,  and  ferrocyanic  acids  are  obtained  from  iL 
Cyanide  of  potassium,  for  testing,  and  to  be  used  as  a  flux  and  in 
analysis,  is  best  prepared,  according  to  Liebig,  by  heating  8  parts 
of  the  dry  ferrocyanide  with  3  of  pure  carbonate  of  potash  m  an 
iron  vessel  till  the  fused  mass  is  colorless.  It  is  then  poured  oflf 
from  the  sponge  of  reduced  iron,  and  kept  in  well-stoppered  bottles. 
The  reaction  is  as  follows,  f  representing  the  ferrocyanide,  for  conve- 
nience, OS  a  double  cyaniae  of  iron  and  potassium)  :  2  (Fe  Cy,  2 
KCy)  +  2(K0,C02)  =  Fea  +  6KCy+K0,Cy04.2C0i. 

*  The  new  i^npowder  which  has  been  noticed  in  nriMt  of  the  joumaLi  of 
the  day,  is  a  mixture  of  ferrocyanide  of  potassium,  wliite  sugar,  and  chlorate 
of  poUissa.  Tiie  best  proportions  in  which  they  should  be  mixed,  accord- 
ing to  M.  AuoEXDRE,  {Comptet  Rendoi,)  are  : 

Pulverized  ferrocyanide  of  potassium, 1  part, 

"  white  sugar 1  P*rt, 

'*  chlorate  of  potassa,       2  parts. 

The  ingredients  are  pulverized  separately  and  then  mixed.  This  powder 
possesses  greater  force  than  gunpowder,  but  it  will  not  be  likely  to  come  into 
general  use,  as  it  exerts  an  erosive  effect  upon  iron,  and  is  greatly  liable  to 
spontaneous  inflammation.  All  mixtures  into  which  chlorate  of  potassa 
enters  are  dangerous,  from  the  groat  tendency  this  salt  has  to  ignite  with 
combustible  materials.  The  above  powder,  therefore,  although  highly  recom- 
mended  by  M.  Avokhdilk,  is  dangerous,  and  should  not  be  manafaetured  or 
kept  In  large  quantities.  3- 
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Hence  the  resulting  Bait  contains  1  eq.  cyanate  of  doIbhIi  to  6  eq. 
cyanide  of  potassium.  This  very  useful  prepitratioa,  known  as 
Liebig's  cyanide  of  potassium,  is  not  quite  pure,  containing  cyan- 
ate  of  potasb  :  but  this  does  not  inlerfire  with  its  use. 

Another  very  remarkable  compound  is  produced  by  the  action 
of  a  current  of  chlorine  gas  on  the  solution  of  fLTrocyanide,  if 
transmitted  until  the  solution  ceases  to  produce  Prussian  blue  with 
perchloride  of  iron,  yielding  only  a  brownish -green  color,  but  no 

Erecipitale.  The  liquid  now  gives,  on  eTaporation,  beautiful  deep 
yacinlh-red  crystals  of  n  new  salt,  the  femdcyanide  of  potassium, 
discovered  by  Umelin.     This  salt  contains  a  new  radical,  ferrid- 

V.  FEEEiiicTAirooEii.    Cy.  Fei  =  Cfdy  =  3ir74. 

This  radical  has  not  yet  been  isolated.     It  is  formed  by  tba 
coalescence  of  2  eq.  of  ferrocyani^n,  and  is  tribasic.     It  forrai 
an  acid  with  hydrogen,  and  salts  with  metals. 
PerridcyiinicAcid.CCy.Fes)+Ho=C2Cry+Hj)=Cf(ly,Hj=ai4-74. 

This  acid  is  obtained  from  the  lead  salt  Cfdy,  Pbi,  by  the  action 
of  sulphuric  acid.  It  is  soluble  io  water,  and  by  the  action  of 
sulphuretted  hydrogen  is  converted  into  ferrocyanic  acid  :  2  Cfy, 
Hs+  H  S  =  2  f  Cfy,  H,  )  +  a  With  bases  it  forms  salts ;  as  with 
potash  the  ferriucyanide  of  potassium. 

Ferrida/aaide  ^  PolMlitan.  Sin.  Rtd  Pnutiaie  (^  Potatk.  — 
Its  preparation  has  been  described  above.  Its  formula  is  2  Cly  •\- 
Ki  =  Cfdy,  Kj  ;  and  it  is  quite  anhydrous.  IJke  the  yellow 
prussiate,  it  forms  precipitates  with  most  metallic  solutions,  many 
of  which  are  characteristic.  With  salts  of  peroxide  or  with  pet^ 
chloride  of  iron,  it  only  strikes  a  brown  or  green  color,  bat  with 
protochloride  or  salts  of  protoxide,  it  forms  Prusunn  blue.  As  the 
radical  is  tribasic,  1  eq.  of  it  ought  to  be  equivalent  to  3  eq.  of 
oxygen,  chlorine,  &c. ;  and  if  we  suppose  the  potassium  in  the 
ft-rndcynnide  replaced  by  its  equivalent  of  iron,  we  should  have 
Cfdy,  Fei  =Fei  Cy.  ;  for  Ka  Cfyj  +  3^eO  =  Pea  Cfy  i  +  3K 
0;  and  Fei  Clya  ^Fci  Cya.  But,  instead  of  this  compound, 
there  is  formed  Prussian  blue,  the  same  we  have  above  described 
■  OS  being  formed  by  the  action  of  yellow  prussiate  or  peroxide  of 

In  fact,  when  the  red  prussiate  is  added  to  a  solution  of  a 
ult  of  protoxide,  or  to  protochloride  of  iron,  yellow  prussiate  is 
formed  along  with  Prussian  blue  and  a  salt  of  potash.  Bearing  in 
mind,  as  in  all  the  above  explanations,  that  1  eq.  ferridcyanogen 
Cfdy  is  equal  to  2  eq.  ferrocyanogen  Cfy,  and  that,  consequently, 
die  red  prussiate,  Cfdy,  Ki,  may  be  equally  well  represented  as  S 
Cfy,  K.,  then  we  have  2  {2  Cfy,  Ks  )  +  4  (Fe  0. 8  Oj)  =  (3  Cfy 
+  Fe,) +{Cfy.  K.)  +  4 (KO, 80.). 
27 
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The  ferridcyanide  of  potassium  may  be  viewed  as  ferrocyanide 
of  potassium,  plus  a  certain  amount  of  fcrrocyanogen :  2  ( Cfdy, 
K3)  =  3(Cfy.Ka)  +  Cfy. 

With  salts  of  lead,  ferridcyanide  of  potassium  forms  the  ferrid- 
cyanide  of  lead,  Cfdy,  Pbs . 

VI.  CoBALTOCTANooEN.     Cy*  Cot  =  Cky  =  216*52.* 

Not  yet  isolated,  but  known  in  combination  with  hydrogen, 
potassium,  &c.  It  is  analogous  to  ferridcyanogen  in  constitution, 
and  like  it,  is  tribasic. 

CobcUtocyanic  Acid,  CkyHs  =  219*52. —  Obtained  by  the  action 
af  sulphuric  acid  on  cobaltocyanide  of  lead,  Cky,  Pbs.  It  forms 
silky  filaments,  which  are  deliquescent  and  strongly  acid. 

Vobcdtocyanide  of  Potcusium,  Cky,  K.  —  Is  obtained  by  acting  on 
a  salt  of  oxide  of  cobalt  with  solution  of  cyanide  of  potassium  and 
hydrocyanic  acid,  when  hydrogen  is  given  ofif  and  tiie  new  salt  is 
obtained  in  crystals.  The  protocyanide  of  cobalt,  precipitated  on 
the  first  addition  of  cyanide  of  potassium,  redissolves  in  an  excess 
of  that  salt,  forming  a  compound,  2  Co  Cy  +  K  Cy ,  or  2  Co  Cy  + 
3  K  Cy.  At  all  events,  there  is  enough  of  cyanide  of  potassium 
present  to  form  the  latter  compound.  The  hydrocyanic  acid, 
oeing  now  added,  yields  1  eq.  of  cyano^n,  converting  the  2  eq. 
of  protocyanide  into  1  eq.  of  sesquicyanide  of  cobalt,  while  hydro- 
gen is  given  off:  2  Co  Cy  +  H  Cy  =  Coa  Cya  +  H.  Lastly,  the 
sesquicyanide  Coa  Cya,  with  the  3  eq.  of  cyanide  of  potassium,  3 
K  Cy,  produces  the  cobaltocyanide  of  potassium,  Cys  Coa  +  Ka 
s=  Cky,  Ka .  The  crystals  are  isomorphous  with  those  of  the  red 
pmssiate  of  potash  ;  tney  are  yellow,  soluble  ;  their  solution  is  not 
altered  by  acids,  and  gives,  in  solution  of  protoxide  of  cobalt,  a 
beautiful  rose-colored  precipitate,  analogous  probably  to  Prussian 
blue  ;  possibly,  however,  it  may  be  Cky,  Coa.  It  precipitates 
many  other  metallic  solutions,  such  as  those  of  lead  and  silver. 

Cobaltocyanide  of  potassium  is  a  singularly  permanent  salt, 
resisting  the  action  of  the  strongest  acids ;  which  is,  in  itself,  a 
sufficient  proof  that  it  cannot  contain  cyanide  of  potassium  as  such. 
With  the  salts  of  nickel  it  forms  a  green  precipitate,  Cky,  Nia , 
which  is  insoluble  in  boiling  dilute  acids.  Tnis  property  has  been 
applied  by  Lie  big  to  the  separation  of  cobalt  from  nickel  in  analy- 
sis. All  other  metals  beinc;  removed,  an  excess  of  potash  is  first 
added,  and  then  hydrocyanic  acid  till  the  precipitate  at  first  formed 
is  dissolved,  and  the  whole  is  then  boiled.  Hydrochloric  acid  is 
now  added,  and  if  no  nickel  be  present,  it  produces  no  change, 
because  it  has  no  action  on  cobaltocyanide  of  potassium.  But 
if  nickel  be  present  (o(  course  by  this  time  as  cyanide)  it  is 
converted  into  chloride,  and  this  is  instantly  precipitated  by  the 

*  The  better  name  for  this  would  be  Cobeltldcyanogen.  —  S. 
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cobaltocyanidc  of  potassium  as  cobnliocynnidc  of  nickel.  Should 
t^ere  be  more  cobalt  thiin  nickel  present,  the  whole  nickel  is  pre- 
cipitated, and  the  precipiUIc,  acted  on  by  potash,  leaves  the  nJckel 
as  pcroiide,  wliile  the  cobalt  is  dissolved  iis  cobaltocyanide,  and 
may  be  determined  along  with  the  portion  not  precipitated  for 
want  of  nickel.  If,  on  the  other  hand,  there  be  more  nickel  than 
cobalt,  all  the  cobalt  h  contained  in  the  green  precipitate  of  cobal- 
tocyanide  of  nickel,  and  may  be  dissolved  by  potash,  and  its 
quantity  determined,  while  the  nickel  left  by  the  potash  as  perox- 
ide may  be  added  to  that  left  in  tlie  liquid  for  want  of  cobalt. 
Such  is  an  outline  of  this  very  beautiful  and  refined  method,  which 
gives  most  aeeurnte  results. 

VII.  ChSOMOCYAHOGEIT.      Cy«Cr.=Cry.« 

This  radical  islittle  known.    It  is  analogous  to  the  two  preceding; 
forming  with  hydrogen  an  acid.  Cry,  Hi,  and  with  potaosinm  a  yel- 
low cr^ratalliEable  salt,  Cry.Ki,  which  precipitates  metallic  solutions 
Vin.  PtATiBocTAHOGEi.     Cyi  Pt=  Cpy=  161-38. 

Tliis  radical  is  not  known  in  the  separate  state.  It  forms  with 
hydrogen  a  crystallizable  acid  of  a  gold  or  copper  color  and  metal- 
lic lustre,  Cpy,  Hi,  which  is  very  soluble  and  deliquescent.  This 
acid  is  powerful,  decomposes  the  carbonates,  and  produces  platino- 
cyanides.  Flatinocyontde  of  potassium,  Cpy,  Kj ,  is  easily  obtained 
by  heating  spongy  platinum,  or,  still  better,  finely  divided  platinum 
black  to  low  redness  with  twice  its  weight  of  dried  ferrocyanide  of 
potassium,  and  lixiviating  with  water  ;  or  by  dissolving  protochlo- 
ride  of  platinum  in  hot  solution  of  cyanide  of  potassium.  It  forms 
crystals  yellow  and  metallic  by  transmitted,  blue  by  reflected  light. 
By  the  action  of  this  salt  on  protonitrate  of  mercury,  a  cobalt-blue 
precipitate  is  formed,  which,  when  heated  in  the  fluid,  becomes 
while,  and  >s  then  pure  plalinocyanide  of  mercury,  Cpy,  Hg  (?) 
This  salt,  acted  on  by  sulphuretted  hydrogen,  yields  the  plaljuo- 
eyanic  acid.  A  solution  of  plalinocyanide  of  potassium  acted  on 
by  chlorine,  yields  beautiful  copper-like  crystals  of  a  new  oalt, 
which  is  either  a  double  cyanide,  8  E  Cy  -f  Pts  Cys  4-  5  H  0  ; 
or  the  potassium  salt  of  a  new  radical,  Fti  Cyi  Ki  +  5  H  0.-~- 
(Xhop.) 

The  platinocyanidea  of  barium,  strontinm,  and  calcium,  are 
easily  obtained  by  the  action  of  platiooeyanie  acid  on  these  bases, 
and  crystallize  readily  in  beautiful  greenish-yellow  color,  or  in 
some  easea  green  and  red  with  metallic  lustre. 

rX.  iRiDiocTABOOEH.     Cys  Ir  =  Ciy. 

This  radical  has  not  been  isolated.  It  forms,  with  hydrogen, 
iridiocyanic  acid,  Cys,  Ir,  Hj,  which  is  obtained  by  the  action  of 
sulphuretted  hydrogen  on  iridioeyanide  of  lead,  Cy,  Ir,  Pbi. 
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Iridiocyanide  of  PolaMtum.  Cya  Ir,  Ks .  —  Is  obtained  by  the 
nctioD  of  prolochloridu  of  iridium  on  cynniJo  of  pot»ssium.  It 
forms  colurk-ss  crj'stiilR  ;  its  solution  t^ivvR,  with  snltJi  of  peroxide 
of  iron,  n  dti-p  indigo  color. 

There  appears  to  be  n  series  of  similar  compounds  formed  bj 
cyanide  of  palladium.  Thu  pallndiocyaiiide  of  potassium  corres- 
ponds to  the  platinocyanide.  iind  its  formula  is  Cvi  Pd,  K. 

Thfere  is  also  vt;nsoii  lo  believe  (hat  manganese  forms  a  roangft- 
nocyanogcn,  corresponding  to  ferridcjnnogen,  Cy«  Una  ^  Cmy. 
Tbe  manganocyanide  of  potassium  is  probably  Cy»  Mnj  +  Ki  = 
Cmy,  Ka. 

From  wliat  has  been  stated  in  the  preceding  pages,  it  will  bo 

seen  that  cyanogen  has  a  very  great  tendency  to  form  cyanides 

coDtaining  2  or  3  metals,  and  likewise  cyanides  containing  one  of 

these  metals  and  hydrogen  in  the  place  of  tlie  other.     As  these 

latt«r  compounds  are  very  powerful  acids,  nc  are  naturally  led  to 

con^der  them  as  hydrogen  acids,  in  which  the  hydrogen  is  com- 

\mei  with  radicals.    This  view  has  been  adopted  above,  and  W6 

have  seen  reason  to  admit  the  following  radicals  : 

Platinoeyanogen,  Cpy  =j  Cyi  Pt 

ralladlocyanogcn,  Cpdy=!  Cyi  Pd 

Ferrocyanogen,  Cly    s=  Cyj  Po 

Iridiacyanogen,  Ciy    ^Cy»  Ir 

Ferrici cyanogen,        =  Cfdy  =  Cyt  Fei 

Coballidcynnogen,      —  Cby  =:  Cy«  Coi 

Chromidcysnogen,      =  Cry   =:  Cy»  Crt 

Manganidcy&nogcn,  =Cmy  =  Cy*Mai 

It  will  be  observed  that  there  are  three  different  formulse  among 
theae  radicals,  namely,  Cyi  M  ;  Cyj  M ;  and  Cys  Ma  ;  the  firet 
moDObosic,  tlie  second  bihasic,  the  third  tribasic.  No  other  view 
can  at  present  be  given  of  these  compounds,  of  their  acids,  and  of 
their  salts,  which  is  at  once  ho  satisfactory,  bo  consistent,  and  so 
advantageous  fur  the  learner,  as  being  adapted  to  assist  Iho 
memory.  It  is  true  Chat  the  acids  may  be  viewed  as  compounds 
of  cyanide  of  a  metal  with  cyanide  of  hydrt^en,  (hydrocyanic 
add),  and  their  salts  tis  compounds  of  two  metallic  cyanides. 
Thus,  ferrocyanic  acid.  Cya  Fe  +  Hj,  may  be  said  to  be  2HCy 
+  FeCy,  and  ferrocyanide  of  potassium,  2KCy -j-FeCy.  Again, 
ferridcyanic  acid  may  be  3  H  Cy  +  Fei  Cyi  and  its  potassium  salt 
SKCy  +  FeiCys:  while  platinocyanic  acid  and  its  potassium 
salt  may  be  II  Cy  +  I't  Cy  and  K  Cy  +  Pt  Cy. 

But  Uie  strong  acid  properties  and  inert  nature  of  these  acida, 
and  the  remarkable  permanence,  both  of  the  acids  and  of  the  salts, 
are  entirely  inconsistent  with  the  presence  of  so  weak  an  acid  and 
so  frigbtfiil  a  poison  aa  hydrocyanic  acid,  or  of  bodies  so  easilj 
decompoaeC  as   hydrocyaiuo  acid   and  cyanide   of  potasunm. 
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Besides,  there  are  numerous  double  cyanides,  such  aa  K  C7,  Zn 
Cy  ;  K  Cy,  Cd  Cy  ;  K  Cy  Cua  Cy,  ice.  &c.  Ac,  which  act  as  such  ; 
being  ensily  decomposed,  and  exhibiting  do  indication  a  of  contain- 
ing-  radicals  like  those  above  described.  We  shall  therefore  not 
dwell  on  any  other  view,  and  merely  allude  here  to  the  true  donbla 
cyanides,  as  belonging  more  to  the  fabtory  of  the  metals,  and  leal 
lo  that  of  tlie  organic  radicals. 


As  an  appendix  to  (he  metallic  cyanides,  we  may  here  tnention 
this  compound,  which  is  left  behind  as  a  dark  brown  powder,  when 
cyanide  of  mercury  is  heated  in  a  retort.  As  cyanogen  and  mer- 
cury alone  are  given  off.  we  should  expect  the  salt  to  be  dissipated 
by  heat  entirety  ;  but  this  not  being  the  case,  it  is  evident  that  the 
residui;,  if  it  contain  no  mercury,  must  have  the  same  composition 
as  cyanogen,  and  be,  in  short,  an  isomeric  modification  of  it^a 
solid  cyanogen.  Again,  when  cyanide  of  silver  is  healed,  it  givei 
off  part  of  Its  cyiinogen  ;  it  tlien  glows,  and,  if  soon  removed  from 
the  fire,  yields  a  peculiar  residue,  which  is  only  partly  dissolved  by 
nitric  acid.  The  insoluble  residue  appears  to  contain  silver  and 
cyanogen  in  the  proportion  Ag  Cyi,  and  it  is  probable  that  tlie 
eyanogen  here  is  in  the  solid  modilication,  of  which  I  eq.  is  sup- 
posed to  be  formed  by  3  eq.  of  cyanogen. 

Whether,  therefore,  we  admit  paracyanogen  as  a  separate  radi- 
cal or  not,  the  two  residues  just  mentioned  contun  carbon  and 
nitrogen  in  the  proportions  to  form  cyanogen.  It  is  also  possibla 
that  some  such  compound  may  exist  in  cost  Iron  and  steel,  which 
appear  to  contain  nitrogen  as  well  as  carbon. 

In  treating  of  mellone,  we  shall  see  that  doubts  may  be  enter- 
tuned  of  the  existence  of  paracyanogen,  and  that  the  proportiont 
of  carbonic  acid  and  nitrogen  gases  obtained  in  analyzing  the 
supposed  paracyanogen  may  be  derived  from  a  mixtare  of  mellona 
and  carbon. 

CTANOOKN    AND    ai;LFHUIU 

X.  BoLFBOCTAMOOSN.     CySi^Csy. 

Sth-  BUuiphide  0/  Cyanogen.  —  When  ferrocyanide  of  potos- 
nam  is  heated  wit£  sulphur,  there  is  formed  a  new  salt,  the 
formula  of  which  is  Cy  Si  -{-  K.  This  is  sulphocyanide  of  potas- 
sium, which  appears  to  contain  the  radical  Cy  Sa,  or  Csy,  We 
cannot  say  that  this  radical  is  known  in  the  free  state,  but  by  the 
action  of  chlorine  on  sulphocyanide  of  potassium  there  is  formed 
a  bright  orange  powder,  which  contains  sulphocyanogen,  mixed 
%ith  some  other  iKidies.  Like  the  preceding  radicals,  suiphocyano- 
gcn,  with  hydrogen,  forms  a  peculiar  acid,  the  sulphocytmic  or 
bydrosulphocyanic  acid. 

Bj/drotv^luxyanie  Aeid,  CySi,H  =  CayH — Is  obtained  by 
pasnng  sulphuretted  hydrogen  gaa  through  sulphoofanide  of  leu. 
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Csy»  Pb,  suspended  in  water.  The  solution  thus  formed  is  highly 
acid,  and  has  the  odor  of  acetic  acid.  Il  strikes  a  blood-red  color 
with  }«a]ts  of  peroxide  of  iron,  and  this  property  is  found  in  all 
soluble  sulphucyanides.  The  formula  of  this  acid  corresponds  to 
that  of  cyanic  acid,  Cy  O2,  II ;  and  it  may  be  viewed  as  cyanic 
acid,  the  oxyj^en  of  which  hjis  been  replaced  by  sulphur.  With 
metallic  oxides,  it  forms  the  sulphocvanides  of  the  metals,  CySa, 
H+ M0  =  CyS2,M  +  II0. 

SfdpluHj/arnde  of  Potciissium,  Cy  S2,  K=  Csy,  K. — The  best 
process  for  obtainin^^  this  salt  is  to  melt  at  a  gentle  heat  (only 
raised  at  the  end  to  low  redness)  46  pans  of  dried  ferrocyaniae  of 

?otassium,  32  of  sulphur,  and  17  of  pure  carbonate  of  potash, 
'he  mass  when  cold  is  boiled  with  water,  and  the  solution,  being 
filtered  and  evaporated,  deposites  striated  prismatic  crvstals  of  the 
salt,  very  similar  in  appearance,  and  in  taste  also,  to  nitre. 

If  not  quite  pure,  it  is  puriticd  by  .solution  in  alcohol  and  recrys- 
tallization.*  In  this  process,  the  whole  cyanogen  of  the  ferrocy- 
anide  is  first  converted  into  cyanide  of  potassium,  and  then,  by  the 
taking  up  of  sulphur,  into  sulphocyanidc ;  while  the  iron  is 
converted  into  sulphide.  As  1  eq.  ferrocyanide  contains  3  eq.  of 
cyanogen  and  2  of  potassium,  1  eq.  of  carbonate  of  potash  is 
added,  and  the  3  eq.  of  cyanide  of  potassium  thus  obtained  take 
up  6  eq,  of  sulphur  to  form  the  new  salt :  3  K  Cy  +  Sd  =  3  (Cy 
Sa,K). 

Sulphocyanide  of  poUissium  causes  precipitates  in  some  metallie 
solutions,  but  as  many  metallic  sulphocyanides  arc  soluble,  the 
greater  number  of  metals  are  not  precipitated  by  this  salt.  With 
salts  of  peroxide  of  iron  it  strikes  an  intense  blood-red  color,  bat 
causes  no  precipitate.  With  acetate  of  lead  it  gives  yellow  ciys- 
tals,  and  with  subacctate  a  white  precipitate,  and  with  salts  of 
suboxide  of  copper  also  an  insoluble  white  subsulphocyanide  of 
copper.  Sulphocyanide  of  silver  is  precipitated  as  a  curdy  white 
solid,  when  sulphocyanide  of  potassium  is  added  to  nitrate  of 
silver.     The  other  sulphocyanides  arc  soluble. 

When  sulphocyanic  acid  is  set  free  from  its  salts,  by  diluted 
acids,  and  exposed  Co  heat,  it  is  resolved,  with  the  aid  of  the 
elements  of  water,  into  carbonic  acid,  bisulphide  of  carbon,  and 

ammonia  :   C3  N  S2 ,  H  +  II9  Oa  =  q  q^  [    +  N  H3 .     Compare 

this  with  the  spontaneous  decomposition  of  cyanic  acid  when  set 

free  from  its  salt,s  :   C3  NOa,  II  +  H2  Oa  =  ^  q*  i  +  NHa. 

This  shows  that  tlii?  view  which  considers  sulphocyanic  acid  as 
cyanic  acid,  the  oxygen  of  which  has  been  replaced  by  sulphur, 
is  confirmed  by  the  similarity  in  the  decomposition  of  these  two 
acids  ;  which,  in  this  point  of  Yiew,  may  be  said  to  belong  to  the 
same  type.     «. 
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Wben  Bulpliocyanide  of  potassium  ia  mixed  trich  6  or  8  volumei 
of  strong  hydrochloric  acid,  hydrocyHoic  acid  ia  given  off,  and  a 
new  crystalline  acid  is  deposited,  wbich  contaios  more  sulphur,  and 
may  be  called  ^hydro)  persulphocyanie  acid  :  3  (Cy  St  U),  thnt 
is,  3  eq.  of  sulpoocynnic  acid  lose  Cy  H,  leq.  of  hydrocyanic  acid, 
and  there  remoiin  2  eq.  of  the  compound  Cy  Si,  H,  or  peraulpho- 
cyanic  acid.  The  formula  of  its  salts  is  CySa.M.  When  the 
,  acid  is  dissolved  in  ammonia,  it  soon  deposits  sulphur,  and  (lie 
liquid  retains  a  new  compound  Cyi  8s,  Hi  f=  S  Cy  Si,  H  —  S) 
combined  with  ammonia :  on  adding  an  ocia,  pcrsulphooyanic  is 
reproduced  and  deposited,  while  sulphocyanic  acid  remains  in  the 
«.lutio.:CpS.,H.=  |^?^;;g 

When  solution  of  sulpnoeyanide  of  potassium  is  acted  on  by 
chlorine  or  by  nitric  acid,  a  bright  orange-yellow  powder  is  depos- 
ited wbich  was  long  supposed  to  be  sulphocyanogen  ;  but  it  now 
•ppears  to  be  a  compound  or  mixture  of  sulphocyooogen,  snlpho- 
mnic  acid  and  water,  in  the  proportions.3  Cy  Sj  +  Cy  Si  ,  H  + 
.  HO  =  C.  N,S.-|-(C!.NS,,H)  +  HO  =  CiN<  SiHi  0.  This 
nllow  compound  undergoes  a  very  remarkable  change  when 
Bested :  it  gives  off  bisulphide  of   carbon,  sulphur,  and  a  little 

CnJphocyanic  acid,  and  there  ia  led  in  the  retort  a  grayish-yel- 
powder,  containing  no  sulphur,  oxygen,  or  hydrogen,  and  not 
'•  decomposed  by  a  low  red-heat.    By  a  strong  red-heat  it  la  dissipated 
yielding  a  mixture  of  3  vol.  cyanogen  to  1  vol.  nitrogen. 

This  residue  may  be  viewed  as  a  cyanide  of  nitrogen,  H  Cy«  = 
'•C(  Nt,  and  as  it  plays  the  part  of  a  radical,  analogous  to  cyano- 
Een,  it  is  called  mellone,  and  has  the  symbol  Me.  Its  producdoa 
from  sulphocyanogen  is  easily  explained  :  4(Ci  N3s)  =  2  C8i 
■  +8i  +  C«Ni.  If  the  orange-yellow  compound  which  yields  it 
be  thrown  into  melted  snlphocyanide  of  potassium  the  mellone 
actually  seizes  the  potassium,  expelling  the  sulphocyanogen,  which 
is  resolved  into  bisulphide  of  carbon,  sulphur,  cyanogen,  aad  ni- 
*  trogen,  all  of  which  escape  with  effervescence.  This  is  because 
.  BeUme  is  not  only  a  powerfol  radical,  but  also  capable  of  resist- 
fa^  a  strong  beat. 

XI.  Hellohb.  Ue=CgN«  =93-94. 
The  preparation  of  this  radical  by  the  action  of  heat  on  impure 
mlphocyanogen,  has  been  described  above.  It  may  also  be  ob- 
>  tained  by  beating*  (o  low  redness  the  snlphocyanide  of  ammonium, 
W  will  be  explained  below.  It  appears  as  a  grayish-yellow  pow- 
>dar,  which  is  capable  of  combining  directly  with  potasuum  when 
heated  with  it,  and  of  decomposing  snlphocyanide  of  potassium,  as 
before  mentioned.  In  both  cases  it  fOTms  a  fusible,  soluble,  crys- 
talluable  salt,  mellomiu  of  potasuom.  When  to  the  solution  of 
Ibu  nit  an  uid  is  added,  it  causes  a  white  gelatinon*  precipitate. 
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which  IS  an  acid,  sparingly  soluble  in  water,  the  hydromellonic 
acid. 

Hydrcmellonic  Acid,  Me  II  =  Co  N4 ,  II  -r-  Is  best  formed  by 
mixing  a  hot  solution  of  mellonide  of  potassium  with  strong  hy- 
drochloric acid,  when,  on  cooling,  hydromellonic  acid  is  deposited 
as  a  snow-white  powder.  It  is  somewhat  soluble  in  hot  water, 
sparingly  so  in  cold  ;  it  is  a  strong  acid,  and  with  acetate  of  pot- 
ash produces  mellonide  of  potassium,  displacing  the  acetic  acid. 
If,  however,  a  saturated  hot  solution  of  the  mellonide  be  mixed 
with  acetic  acid,  half  the  potash  is  removed,  and  on  cooling,  crys- 
tals of  an  acid  salt  are  deposited,  which,  in  the  case  of  a  hydro- 
gen acid,  is  very  unusual.  It  is  possible,  however,  that  hydromel- 
lonic acid  may  be  bi basic,  which  would  account  for  the  fact  of  its 
forming  an  acid  salt.  This  acid  is  very  remarkable  for  its  power 
of  resisting  heat,  as  it  requires  a  full  red-heat  to  decompose  and 
dissipate  it. 

Mellonide  of  Potassium,  Me,  K=C8N4,K  —  Occurs  as  an 
accidental  product  in  tlie  making  of  sulphocyanide  of  potassium. 
It  is  best  obtained  by  fusing  at  a  low  red-heat,  in  a  covered  iron 
crucible,  dried  ferrocyanide  of  potassium,  with  about  half  its 
weight  of  sulphur,  and  adding,  toward  the  end  of  the  fusion,  about 
5  per  cent,  of  dried  carbonate  of  potash.  The  cooled  mass  is 
boiled  with  water,  and  the  filtered  solution  concentrated,  till,  on 
cooling,  it  forms  a  serai-solid  mass  of  minute  needles,  which  are 
purified  from  sulphocyanide  by  washing  with  alcohol,  in  which  the 
mellonide  is  insoluble.  The  mellonide  may  also  be  obtained  by 
adding  mellone  to  fused  sulphocyanide  of  potassium,  when,  by  the 
decomposition  of  the  sulphocyanogen,  an  additional  quantity  of 
mellone  is  formed.  In  the  first  process  also,  a  portion  of  mellone 
is  formed  by  the  action  of  heat  on  the  sulphocyanide  of  iron,  pro- 
duced at  the  commencement  of  the  fusion  ;  and  this  mellone  acts, 
as  in  the  second  process,  on  the  sulphocyanide  of  potassium, 
giving  rise,  in  so  doing,  to  an  additional  amount  of  mellone  :  hence 
the  advantage  of  adding  some  carbonate  of  potash  to  prevent  any 
loss  of  mellone.  Finally,  mellonide  of  potassium  may  also  be 
prepared  by  adding  2  parts  of  dry  subsulphocyanide  of  copper  to 
3  of  fused  sulphocyanide  of  potassium. 

Mellonide  of  potassium  is  soluble  in  water,  insoluble  in  alcohol. 
It  has  a  bitter  taste,  and  its  crystals  contain  5  cq.  of  water,  of 
which  4  eq.  are  expelled  at  212®.  When  acted  on  by  hydrochloric 
acid,  it  yields  hydromellonic  acid  ;  when  by  acetic  acid,  it  gives 
the  acid  salt  above-mentioned.  By  the  action  of  mellonide  of 
potassium  on  the  salts  of  baryta,  strontia,  lime,  or  magnesia,  the 
mellonides  of  barium,  &c.,  are  obtained  as  sparingly  soluble  salts, 
which  crystallize  in  tine  needles. 

By  boiling  mellonide  of  }K>tassium  with  excess  of  potash,  am- 
monia is  given  off,  and  a  new  salt  is  formed.    This,  decomposed  by 
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acetic  acid,  yields  a  while  crvstolline  precipitate,  containing  no  pot- 
ash,  probably  a  new  acid.  When  dilute  solution  of  mcllonide  of 
potassium  ie  acted  on  by  strong  hydrochloric  acid,  and  boiled  till 
the  Iiydromellonic  acid  is  redissolved,  the  liquid,  on  cooling,  de- 
posits cyanuric  acid,  and  contains  sal  ammoniBC.  Hydromellonie 
acid  Cyi  N  H,  wiihSeq,  of  water  Hj  Oi.and  1  eq.  oiyven,  yields 
dry  cyanurtuscid.  Cya  Oi,  and  oxide  of  ammonium,  N  Ht  0.  The 
equivalent  of  oxygen  is  probably  derived  from  tlic  atmosphere  ; 
but  this  decomposition,  as  well  as  the  preceding,  requires  minute 
investigation. 


PRODUCTS  OF  THE  DISTILLATtOK  OF  BOLPHOCTiinDB  O 

As  an  appendix  to  sulphocyanogen  and  its  derivative  meltone, 
we  may  consider  the  remarkable  results  of  the  action  of  heat  on 
sulphocyanide  of  ammonium,  N  H< ,  Ca  N  Sj . 

When  this  salt  is  heated  in  a  retort,  there  are  givea  off  as  gasoB 
or  vapors,  bisulphide  of  carbon,  arnmouia,  and  sulphuretted  by. 
drogun,  the  two  latter  partly  combined  as  sulphide  of  ammoniam  : 
4  eq.  sulphocyanide  of  ammonium     .     .     =  Ca  Ni  Si  Hi* 
may  yield  

3  eq.  bisulphide  of  carbon ^Ct         Si 

4  eq.  ammonia =        N,         Hii 

4  eq.  Buiphuretted  hydrogen     .     .     .     .     ^  8i  H* 

1  eq.  mellone =:  Ct  Ni 

Ci  N.  S.  Hii 

Such  is,  in  fact,  tlic  result  of  the  action  of  a  strong  heat  on  the 
•alt,  mellone  alone  remaining  in  the  retort.  But  if  a  more  moder- 
ate heat  be  employed, agray  residue  is  left,  containing  the  elements 
of  mellone  with  those  of  ammonia.  If  this  crude  residue  be  dis- 
solved in  boiling  potash,  and  the  solution  quickly  filtered,  there  is 
deposited,  on  cooling,  a  heavy  white  powder,  which  is  the  chief 

froduct  of  the  distillation  of  the  sulphocyanide,  in  a  state  of  purity. 
t  has  been  called  Helara,  and  its  formula  is  CnNiiHi=2d« 
N<  +  3  K  Hi,  or  2  eq.  mellone  and  3  eq.  ammonia. 

When  the  crude  melam  is  acted  on  by  oil  of  vitriol  it  dissolves 
with  the  uid  of  a  gentle  heat,  and  if  water  be  added,  and  the  whole 
boiled  till  the  addition  of  carbonate  of  ammonia  causes  no  fiirther 
precipitate,  the  liquid,  on  cooling,  deposits  a  large  quantity  of  cy- 
anuric acid,  and  is  found  to  contain  sulphate  of  ammonia.  Now, 
as  mellone,  by  the  action  of  acids  or  alkalies,  yields  cyanuric 
acid  and  ammonia,  it  is  easy  to  see  that  melam  should  do  the 
aame,  CijNiiH>  ;  that  is,  me  I  nm  is  eijual  to  2  eq.  mellone  CuNi, 
and  3  eq.  ammonia  Ni  H>  ;  and  if  we  represent  mellone  by 
Cyi  N,  melam  will  be  2  CyaN  +  SNHi.  Now  let  us  add 
It  eq.  of  water,  and  2  Cy,M  +  Hi.  O.i  =  2  (Cy,  O.,  H>)  +  2N 
Ha,  aad  adding  the  3  eq.  of  ammonia  already  present  in  melam, 
we  bftTO  f  eq.  hydrat«d  cyannrio  acid,  2  (Cyi  OiHi),  and  6eq. 
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ammonia,  5  N  H3,  as  the  final  results  from  1  eq.  melam  and  12 
eq.  water,  under  the  influence  of  acids  and  heat. 

When  melam  is  acted  on  by  boiling  with  potash,  a  series  of  new 
compounds  is  obtained.  The  first  is  molamine,  which  is  deposited 
in  crystals  when  the  alcaline  solution  cools.  Melamine  contains  no 
oxygen,  but  Ls  an  artificial  organic  base,  neutralizing  acids,  and 
forming  salts.  Its  formula  is  Co  Ne  H«  =  Co  N4  +  N2  Ho  ;  that 
is,  it  contains  the  elements  of  1  eq.  mellone,  and  2  eq.  ammonia. 

The  second  new  body  is  obtained  as  a  white  powder,  when  the 
alcaline  solution  which  has  deposited  melamine,  is  supersaturated 
with  acetic  acid.  It  is  called  ammeline,  and  is  also  a  base,  although 
weaker  than  melamine.  Its  formula  is  Co  N*  Hs  Oa  =  Co  N*  + 
N  H3  +  2  H  0,  or  1  eq.  mellone,  1  eq.  ammonia,  and  2  eq.  water. 
It  forms  a  crystal  I  izable  salt  with  nitric  acid. 

It  may  here  be  observed,  that  melam,  CiiNn,  H9,  with  2  eq. 
water,  Ha  Oa,  contains  the  elements  of  1  eq.  melamine,  Cs  No  Ho, 
and  1  eq.  ammeline,  Co  Ns  Hs  Oa. 

When  either  melamine  or  ammeline  is  dissolved  in  strong  sul- 
phuric acid,  or  melam  in  nitric  acid,  and  the  solution  mixed  first 
with  two  vol.  of  water,  and  then  with  four  of  alcohol,  a  white 
powder  is  obtained,  resembling  ammeline,  but  having  the  formula 
C12  No  Ho  Oo  =  2  Co  N4  +  N  Ha  +  6  H  0,  or  2  eq.  mellone,  1 
eq.  ammonia,  and  6  eq.  water.  It  is  called  ammelide,  and  has 
rather  the  characters  of  an  acid  than  of  a  base. 

Melamine,  by  the  action  of  hydrochloric  acid,  aided  by  heat,  is 
transformed  into  ammeline,  giving  off  ammonia,  while  water  is 
taken  up  :  Co  No  Ho  +  Ha  Oa  =  Co  No  Hs  Oa,  and  Co  No  Ht 
Ca— NH3  =  CoN*  H*Oa. 

Melam,  also,  when  treated  in  the  same  way,  yields  ammeline 
and  ammonia  :  Cu  Nn  H»  +  H4  O4  =  Cu  Nn  Hu  O4  ;  and  CitNu 
HU1O4— NH3=CuiNioHio04=2(CoN5H8  Oa). 

AH  these  substances  may  be  resolved,  by  the  action  of  acids, 
into  cyanuric  acid  and  ammonia.  It  appears  that  they  are  all, 
that  is,  melam,  melamine,  and  ammeline,  first  converted  into  am- 
melide, and  that  ammelide  is  the  source  of  the  cyanuric  acid  and 
ammonia. 

It  is  obvious  that  they  are  all  closely  related  to  each  other,  and 
to  cyanuric  acid.  That  they  are  also  related  to  mellone  is  {)roba- 
ble,  because  when  heated  they  leave  a  yellow  residue,  which  is 
converted  by  a  stronger  heat  into  cyanogen  and  nitrogen ;  which, 
in  short,  is  mellone.  All  these  compounds  may  be  represented  as 
tribasic  cyanurate  of  ammonia,  minus  water,  or  water  and  ammo- 
nia.    Thus, 

1  eq.  anhydrous  cyanurate  of  ammonia,  Cy  a  Oa,3NH3=CoNoH»Os 
Minus  3  eq.  water, =  Ha  Os 

Yields  1  eq.  melamine, =CtNtH« 
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1  eq.  uiiifdroni  cfuiurate  of  unmoDia, ^CaN«H«Os 

Yields  1  eq.  Bmmeliae =CaNtHtOt 

3  eq.  anhydrous  cyanurate  of  ammonia, ssCiiNiiHuO* 

HinoB  1  eq.  ammonia,  =:N  Hi         )  m    u.  n. 

"       6  eq.  water,         =      H.  O.  J =        N   H.  O. 

Ytelds  1  eq.  melam, ssCnNiiHt 

S  eq.  anhydrous  cjaaurttte  of  tmmonia, :=CiiNi>HiaO« 

Minus  3  eq.  ammonia, ^        N>  H« 

Yields  1  eq.  ammelide =C<«N»H.O» 

When  the  mass  remaining  in  the  retort  vben  area  is  hested, 
and  formerly  believed  to  be  cyanuric  acid  or  cyanurate  of  ammo- 
nia, ia  acted  on  by  ocida,  it  yields  cyanuric  acid,  and  ammonia  is 
found  in  the  solutioa  ;  but  if  it  be  boiled  with  water,  an  insolable 
snow-white  powder  ia  obtained,  which  agrees  with  ammelide  in 
eJmost  all  its  properties.  Ila  formula,  however,  is  C*  N*  Hi  0<, 
and  it  may  also  be  derived  from  cyanurate  of  ammonia,  as  fol- 
lows : — 

1  eq.  anhydrous  tribasic  cyanuratc  of  ammonia,  )  /<    v   it    n 

Cy=0.,3NH3                           \     =C«N.H.O. 
Minus 9  eq.  ammonia, =        N>  H* 

and  Ci  H*  Hi  Oi 

Pfaia  1  eq.  water, ^  HO 

Yields  1  eq.  of  the  new  product  from  urea, .  >     ssCiNiHiOt 

This  product,  therefore,  is  intermediate  between  ammelide  and 
cynnurio  acid. 

To  be  transformed  into  hydraled  cyannric  acid,  it  baa  only 
to  lose  1  eq.  ammonia,  and  to  gain  2  eq.  water.  Its  forma- 
tion from  urea  is  very  easily  underatood ;  for  4  e^.  urea  mians 
S  eq.   carbonic  acid  and  4  eq.  ammonia,  will  give  this  eom- 

4eq.  urea, CiNiHnOi 

Minus  9  eq.  carbonic  acid  C1O4      }  f    la   a  .  f\ 

»      4  e^.  ammonia  N«  H»  (  -  C.  N«  Hl.  O* 

I  eq.  of  the  new  compound, C«N«H<04 

In  order  to  render  still  more  obvious  the  relation  of  these  ci 


potinds,  melam  excepted,  to  cyannric  add  and  among  each  other, 
let  Di  express  the  hypothetical  comiMond  NH  by  Mi,  M,  there- 
fore, standing  for  ^  eq.  NH.     We  t£en  have. 
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Cyanoricacid,  CsNaHsOs =Cy3      Oe  +  Hs 

Melamine,  Co  N«  H8 =  Cya      Me  +  Hj 

Amraeline,C«  Ns  Hs  O2 =  Cya   )qJ+H3 

Ammelide,CaN4H4*  O3 =  Cya   |^J +H3 

£   "WW 

The  new  compound  from  urea, C a  N4  H4  O4  =  Cys   \  q\  +  H3 
And  cyanuric  acidy =  Cy3      Oe  -|-H3 

Here  we  see  the  change  in  properties  accompanying  the  grad- 
ual substitution  of  M  for  0.  At  one  end  of  the  series  is  melamine, 
a  base,  containing  no  oxygen  ;  at  the  other,  cyanuric  acid,  a  highly 
oxygenized  acid ;  while  ammeline  is  a  weak  base,  and  the  remain- 
ing two  are  neutral,  or  have  a  tendency,  but  a  very  slight  one,  to 
acid  properties. 

Before  quitting  these  compounds,  it  is  proper  to  point  out  that 
as  sulphocyanic  acid  corresponds  to  cyanic  acid,  sulpliur  being 
substituted  for  oxygen,  so  sulphocyanide  of  ammonium  corres- 
ponds precisely  in  uie  same  way  to  urea ;  for  urea  is  Ca  Ns  H« 
Oa,  and  sulphocyanide  of  ammonium  is  (see  above)  Ca  Na  H4  Sa. 
That  this  analogy  is  not  imaginary,  we  have  seen  in  the  similarity 
of  the  action  of  heat  on  both. 


In  the  case  of  urea,  4  eq., srCsNsHisOt 

yield  2  cq.  carbonic  acid,  Ca04  )  n    xi    u  ^r\ 

and  4  eq.  ammonia,  N4  H.«  ^     *    '    '    =CaN4H.«04 

Leaving  1  eq.  of  the  new  body, =  Ca  N4  H4  0« 

In  the  case  of  sulphocyanide  of  ammonium,  4  eq.  .    =  Ct  Ns  Hi*  St 
yield  2  eq.  bisulphide  of  carbon,  CaS4         )  n    nj    u    a 

and  4  eq.  ammonia,  N4H12J     •   "    =^aW4Hii»4 

Leaving  1  eq.  mellone  +  4  sulphuretted  hydrogen  =  C«  N4+H4  S4 

The  analogy  only  fails  here  in  the  fact,  that  the  elements  Ca  N4 
H4  S4,  instead  of  uniting,  as  Ca  N4  H4  O4  do,  to  form  one  com- 
pound, are  resolved  into  two,  namely,  mellone  and  sulphuretted 
hydrogen.  Of  course,  the  substance  from  urea  may  be  viewed  as 
a  compound  of  1  cq.  mellone  and  4  of  water;  and  it  may  possiblj 
hereafter  be  resolved  into  those  substances. 

When  mellone  is  boiled  with  nitric  acid  a  new  acid  is  formed, 
crystallizing  in  octahedrons,  which,  when  redissolved  in  water, 
form  pearly  scales.  Liebig,  who  alone  has  studied  it,  found  its 
formula  and  all  its  reactions  exactly  like  those  of  cyanuric  acid, 
and  called  it  cyanilic  acid :  1  eq.  mellone  and  6  eq.  water,  Ca  N4' 
+  He  Oa,  are  equal  to  1  eq.  cyanilic  (or  cyanuric)  acid,  and  1  eq. 
ammonia  (Ca  Na  Oe,  Ha^-f-  N Ha.  Further  experiments  are  in- 
quired to  establish  cyanilio  acid  as  an  independent  acid« 
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Sulphomellone.     Hydrosulphomel Ionic  Acid. 

According  to  the  researclies  of  Jnmieson,  which  hare  reached  me 
white  this  sheet  was  in  proof,  the  orange-yellow  powder,  commonljr 
called  Bulphocynnogen,  and  which,  at  p.  319,  is  said  to  contain  3 
eq.  of  biijulpbide  of  cyanogen,  1  eq.  hydroaulphocyanie  acid,  and 
1  eq.  water,  really  consists  of  the  elemeota  of  1  eq.  of  each  of 
these  three  substances,  Cy  S>  +  Cy  Si ,  U  +  H  O  =  C.  Ni  H>  0 
St,  how  arranged  we  know  not. 

When  dissolved  (o  saturation  in  hydrosulpbide  of  sulphide  of 
potassium,  K  8,  H  a,  the  elements  of  4  eq.  of  sulphocyanogen,  4  Cy 
8,  =  Ci  N(  S(,  along  with  4  eq.  of  KS,  HS,  give  rise  to  7  eq.  sul- 
phuretted hydrogen,  7  H  S ;  1  eq.  pentasnlphide  of  potassium, 
KSt;  2eq.  carbonate  of  potash,  8  (K  0,  C  Oi)  and  1  eq.sulpbo- 
mellonide  of  potosuum,  0>  N<  Hs  S<,  K. 

When  this  salt  is  decomposed  by  an  acid,  aa  hydrochloric  acid, 
a  umple  exchange  takes  place.  C.  N.  H.  S, ,  K  +  H  CI  =.  K  01 
+  Ca  N4  Ha  Sa ,  U.  The  latter  fbrmnla  represents  the  hydroau^ 
phomellonic  acid,  which  is  a  sparingly  soluble  white  crystalline 
powder.  It  combines  readily  with  the  alcalies,  and  decomposes 
the  carbonates  of  the  alcaline  earths  when  boiled  with  them.  All 
the  hydromellonidea  of  the  melals  of  the  alcalies  and  alcaline  eaKhs 
are  soluble  and  crystallize  beautifully.  The  general  formula  for 
the  anhydrous  salts  is  C«  Nt  Hi  84,  M  ;  but  the  crystallized  salts 
coatua  iiom  S  to  6  eq.  of  water  besides.  The  silver  salt  is  anhy- 
drous.  The  sapposed  radical  of  this  acid,  and  of  its  aalts,  is  not 
yet  known  in  a  separate  state  ;  but  when  the  sulphomelloaide  of 
potusium  is  actea  on  by  chlorine,  there  is  separated  a  white  pow- 
der, which  seems  to  be  sulphomellone,  although  Jamieson  has  not 
yet  had  time  to  ascertain  that  point.  But  the  acid  and  its  salts  ara 
rendered  very  umple  by  assuming  the  existence  of  this  radicd, 
which  agrees  with  all  the  facts  yet  known,  and  makes  the  salpho- 
mcUomdes  analogous  in  composition,  as  tbey  are  in  their  relations, 
in  their  origin,  and  in  their  properties,  to  chlorides,  bromides, 
iodides,  fluorides,  cyanides,  and  mellonides. 

Having  now  concluded  our  sketch  of  the  compounds  derired 
from  that  of  sulphur  and  cyanogen,  it  mly  remains  to  mention  that 
cyanogen  forms  one  or  two  compounds  with  sulphuretted  hydro- 
gen, and  that  sulpbocyanie  acid  forms  a  compound  with  the  sama 
gas.  These  compounds,  however,  are  as  yet,  too  little  known  to 
permit  of  their  being  dearly  laid  down. 

Cyanogen  does  not  form  any  compound  of  importance  with 
phosphorus  or  the  remaining  metalloids.  But  there  is  a  very  in- 
teresting and  important  series  of  compounds,  in  which  we  may 
conceive,  with  some  probability,  a  radical  U>  exist,  formed  of  the 
elements  of  cyanogen  and  those  of  oxalyle  (see  page  287)  or  ca^ 
bonic  oxide,  C*  Oj  .  This  is  the  series  of  compounds  derived  from 
uric  aoid,  and  oonseqnently  closely  connected  with  nrea,  which  we 
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have  seen  to  be  derived  from  cyanate  of  nmmonia,  and,  through 
cyanic  acid,  from  cyanuric  acid,  which  connects  it  again  with  me]- 
lone,  melam,  and  sulphocyanogen. 

We  sliali  tirst  briefly  describe  i\\9  uric  acid  itself,  as  the  starting 
point  of  an  extensive  series  of  products.  The  radical  supposed  to 
exist  in  these  compounds  will  be  better  understood  if  described 
after  we  have  become  acquainted  with  them. 

GTANOUEN   WITH   CARBONIC   OXIDE. 

XII.  Urtle. 

Uric  Acid.      C10N4  H4  Oe  =  CioN4  Ha  Os +H  O  ;  or,  CidNi 
Ha  O4.2HO;  or,  C5  NaHOs,HO(BenBch). 

Stn.  (Trilic  Acid  —  Lilhic  Acid.  —  Occurs  in  small  quantity  in 
the  healthy  urine  of  man  and  quadrupeds,  and  in  much  larger 
quantity  in  the  urine  of  birds,  whether  carnivorous  or  herbivorous, 
as  in  the  pigeon  and  hawk  tribes.  In  the  urine  of  birds  it  forms 
the  white  part,  in  the  form  of  urate  of  ammonia,  and  it  is  still  found 
as  such  in  guano  —  a  substance  produced  by  the  long-continued 
action  of  the  air  on  the  urine  (or  excrement,  for  they  are  voided 
together)  of  sea-fowl.  The  only  excrement  of  serpents,  as,  for 
example,  of  the  boa  constrictor,  is  a  white  semi-solid  mass,  which 
soon  dries,  and  is  pure  acid  urate  of  ammonia.  In  serpents,  which 
arc  all  carnivorous,  it  is  very  remarkable  that  the  whole  excreta 
(except  occasionally  hair  and  feathers,  which  pass  undigested), 
should  take  the  form  of  urate  of  ammonia.  In  diseased  urine, 
uric  acid  is  often  deposited  on  cooling,  and  generally  of  a  reddish 
color ;  it  also  constitutes  the  most  frequent  form  of  gravel  and  of 
calculus,  when  deposited  wiUiin  the  bladder.  Acid  urate  of  soda 
is  found  in  the  chalk  stones  of  gouty  patients ;  and  it  is  well  known 
that  ffout  is  a  disease  closely  aUied  to  calculus  of  this  kind. 

It  IS  best  obtained  frcftn  the  excrement  (or  urine)  of  the  boa, 
which  is  powdered,  and  dissolved  in  40  parts  of  boihng  water  bj 
the  gradual  addition  of  caustic  potash,  till  the  liquid  is  decidedly 
alcaline.  The  uric  acid  forms  urate  of  potash,  which  dissolves, 
while  the  ammonia  escapes.  The  hot  liquid,  being  filtered  to 
separate  impurities  (and  with  the  above  proportion  of  water  it 
filters  rapidly,  while  with  less  it  crystallizes  on  the  filter  and  chokes 
it  up),  is  mixed  with  a  decided  excess  of  hydrochloric  acid,  when 
the  uric  acid  is  set  free,  and  being  insoluble,  is  deposited,  at  first,  as 
a  very  bulky  gelatinous  hydrate,  which  in  a  few  minutes  spontane- 
ously loses  water  and  shrinks  into  a  crystalline  heavy  precipitate. 
This  is  well  washed  with  cold  water  and  dried  in  the  air,  when  it 
forms  a  shining  powder,  composed  of  distinct  but  minute  crystals. 
If  made  from  a  cold  saturated  solution  of  urate  of  potash,  the 
crystals  are  much  larger,  but  contain  17*5  per  cent. ;  in  thu  ease 
4  eq.  of  water  are  expelled  at  212^,  leaving  the  same  substance  as 
Uiat  precipitated  from  a  hot  solution,  which,  when  dried  in  the  air. 
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loses  no  weight  at  ilS".  The  latter  is  Cn  N4  Hi  Oi  +H0  = 
tjj  +  H  0  ;  the  large  crystals  are  a  hydrate,  Ur,  H  0  +  4  aq. 

If  pure  white  fragmenla  of  the  urine  of  the  boa  have  heen  used, 
the  above  Eimplc  process  yielils  uric  ncid  chemically  pure,  even 
wlien  the  solution  in  potash  has  had  a  decided  yellow  color.  Tbia 
uric  acid  is  snow-whire,  and  is  entirely  dissipated  by  beat,  leaving 
no  trace  of  asbes.  But  if  Ihe  boa's  urine  have  been  impure,  or  if 
calculi  have  been  employed  to  yield  uric  acid,  in  both  of  which 
cases  tbe  alcaline  solution  is  brown,  ollen  very  dark,  and  rielda  a 
colored  uric  ncid,  or  again,  if  we  wish  to  extract  uric  acid  from 
guano,  we  must  first  purify  the  urate  of  potash  by  evaporating  tbe 
alcaline  solution  till  it  crystallizea  in  a  mass,  or  passmg  carbonic 
acid  through  it  to  neutralize  tbe  free  potash,  when  the  acid  orate 
of  potash  is  deposited,  and  is  washed  on  a  filter  with  cold  water, 
in  which  it  is  very  sparingly  soluble,  till  it  is  quite  white.  It  is 
then  dissolved  in  boiling  water,  and  decomposed  by  hydrochloric 
acid  as  before.  I  have  described  thus  mmutejy  the  preparation 
of  pure  and  colorless  uric  acid,  because  none  of  the  very  interest- 
ing products  derived  from  it  can  be  obtained  if  we  employ  uric 
acid  with  even  a  very  slight  tinge  of  color.  The  presence  of  a 
mere  trace  of  the  coloring  matter  of  urine  I  have  found  to  exert  a 
most  remarkable  influence  on  tbe  oxidation  of  uric  acid  bv  nitric 
acid,  an  inHuence  which  I  can  only  compare  to  that  of  a  ferment 
in  causing  a  peculiar  decomposition  to  take  place. 

Uric  acid  retjuirea  1 6,000  parts  of  cold  and  nearly  2,000  of  hot 
water  for  soludun,  and  its  solution  reddens  litmus.  It  forms  salts 
with  bases,  especially  with  tbe  alcalies  and  alcaline  earths,  all  of 
which  are  insoluble  or  sparingly  sot  able. 

Tbe  salts  of  nnc  acid  have  been  lately  examined  b^  Benscb, 
According  to  whom  tbe  common  urates  are  acid  salts,  white  the  eq. 
of  the  acid  is  only  half  that  above  given,  or  Ci  N>  H>  Oi  a  Cj 
NiHO>  +  HO.  The  neutral  salts  are  C>  N>  H0>  +  MO,  and 
the  acid  salts  are  Ci  Ni  H  O,,  H  0  +  C,  N>  H  0*,  H  0.  Benscb 
baa  obtained  the  neutral  salts  of  potash  and  soda,  which  are  much 
more  soluble  than  the  well  known  urates  of  these  bases,  aud  urates, 
oocording  to  Benscb.  Tbe  neutral  urate  of  potash  dissolves  in  36 
ports  of  hot  water,  is  alcaline,  and  is  converted  into  the  acid  salt, 
oolb  by  water  and  carbonic  acid.  The  acid  salt  requires  85  parts 
of  boiling  water  for  solution.  The  urates  of  soda  are  less  soluble, 
and  the  acid  urate  of  ammonia,  the  only  salt  formed  with  this 
base,  dissolves  in  about  1,600  parts  of  water  at  60°,  and  240  parts 
at  218°. 

Tbe  only  other  urates  hitherto  examined  by  Bensch,  are  the 
odd  salts  of  magnesia,  lime,  baryta,  strontia,  lead,  and  copper. 
It  would  appear  that,  adopting  bis  formula,  tbe  uric  acid  oai  a 
most  remarkable  tendency  to  form  acid  salts,  and  as  it  appears 
abo  to  fbna  doable  aalta,  it  is  not  easy  to  see  why  be  halves  Oie 
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fbrmulu  of  Litbig  for  the  hydraU-d  ncid  ;  einre  the  above  charac- 
ters arc  those  which  distin^tsh  bibastc  acids  and  it  would  appear 
moru  cotiRrstent  with  the  uewly  observed  nilationn  of  the  acid,  to 
cipress  the  formula  of  Licbiif.  On.  N,  II4  0«  =  Co  N4  Ha  Oi  -f- 
H  0  by  the  following'  bibawc  form.  Cm  N,  H,  0«+  2  H  0,  thao  by 
the  monobasio  form,  2  (Cj  N.  H  Oj,  HO).  If  we  adopt  the 
bibiisic  formula,  dieti  the  genenil  formulae  for  the  neutral  and  acid 
sulttt  as  abovo  given  by  Bensch,  will  become  respectively,  Cio  Ni 
mo,  +2M0,  and  C-oN,  IIaO»  + J^^"  I 

FR0DCCT3  or  THB  OZIDATIOH  OF   URIC   ACID. 

Uric  acid  is  very  permanent  under  ordinary  circumstances,  but 
is  readily  oxidJEed  by  powerful  oiidizing  agents,  such  as  peroxide 
of  lead,  pcroiide  of  manganese,  permanganate  of  potash,  nnd 
uitric  acid. 

1.  Oridation  (/ Urie  Acid  bg  Peroxide  of  Lead.— If  uric  acid 
be  mixed  with  twenty  ports  of  boiling  water,  and  peroxide  of  lead 
added  in  small  portions  to  the  liquid  kept  boiling,  the  brown  color 
of  the  oxide  disappears,  and  a  heavy  white  powder  is  formed. 
When  we  have  added  about  two  parts  of  the  oxide  for  one  of 
uric  acid,  or,  at  all  events,  when  the  oiide  begins  not  to  lose  its 
brown  color,  the  hot  liquid  is  to  be  filtered,  ana  on  cooling  it  de- 
posits a  number  of  hard  brilliant  white  crystals,  of  which  more 
are  obtained  on  evaporation.  The  mother  liquid  at  last  crystal- 
liEes  in  a  mass  of  very  soluble  prismatic  crystals.  These  last  are 
pure  urea:  the  first  crystals  arc  allautoine,  and  the  powder  is 
oxalate  of  lead,  mixed  with  a  little  carbonate,  and  with  the  excess 
of  peroxide.  Hence,  the  products  of  this  oxidation  are,  urea, 
allantoine,  and  oxalic  acid.  After  describing  altantolQe,  we  shall 
be  able  to  explain  the  reaction. 

Mlanhnne.  C<  Na  Hj  Os.  Sin.  Allantoie  ^«rf.  — This  boij 
was  first  observed  in  the  allantoic  fluid  of  the  fetal  calf,  which  u 
in  fact,  the  urine  of  the  fetal  animal.  When  this  fluid  is  evapo- 
rated, it  deposits  crystals  of  allantoine,  formerly  called  allantoic 
acid,  which,  however,  is  not  an  acid.  Its  occurrence  in  the  allan- 
toic fluid —  that  is,  as  an  ingredient  in  urine — and  its  artificial  pro- 
ducljon  from  uric  acid  by  a  process  of  oxidation,  arc  facts  of  verj' 
great  interest  when  viewed  in  connection.  It  is  best  obtained  from 
uric  acid,  as  above  described.  It  is  a  very  indifferent  or  ncutnd 
substance,  and  forms  few  compounds  ;  only  one,  with  oxide  of  ail- 
ver,  has  been  described,  the  formula  of  which  is  Ci  N4  Hb  Oi  -{- 
Ag  0  =  2  eq.  allantoine,  minus  I  eq.  water,  and  plus  1  eq.  oxid« 
of  silver. 

When  boiled  witih  alcalies,  it  is  resolved  into  ammonia  whieh 
escapes,  and  oxalic  acid  which  combines  with  the  alcati.  In  fact, 
both  allantoine,  Ct  Ni-f-  H»  Oi,  and  ozalale  of  ammonia,  Ci  Oi 
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-f  N  Hi,  niaj  be  represented  as  formed  of  cyanogen  and  water, 
and  it  is  obvious  that  the  addi^on  of  3  eq.  of  water  to  1  eq.  of 
allantobe  gives  C.  Ni  4-H.  O.  =  8  (C»0»  +NHj). 
We  can  now  explain  the  formation  of  sllantoine. 

1  eq.  uric  acid, =C»NtH4  0> 

Plu82eq.oiygen(rTOni2eq.PbOi)  =  Oi>  „    ^,_  „    - 

and  3eq.  wBter HsOjJ  "*  "'—  "'  "* 

Together, =  CioMiHTOii 

Are  equal  to  1  eq.  urea, =  Ci  Ni  H<  Oi 

3  eq- oxalic  acid, ^  Ct  O* 

1  eq.  allantoine, ^  C4N1H3O1 

Together, =  C»N*Ht0.i 

Or,  in'  the  form  of  an  equation, 
C»N*  H4  O.+Oi+Hj  Oi=C.  N,  H«  0«+aCi  Ot+Ct  Ni  H.  0». 

Tbat  allantoine  is  closelj'  related  to  uric  acid  and  urea  farther 
appears  from  the  fact,  that  1  eq.  uric  acid,  I  eq.  urea,  and  1  eq. 
water,  added  togetber,  are  exactly  equal  to  the  sum  of  3  eq.  allan- 
toine :  Ch>N4U4  0.  +  C.  N.M.  Oi  +  HO  =  GiiN.H>O.B 
3(CtN,  H)0)). 

3.  OtidaUon  of  Vrie  Acid  by  Peroxide  q^  MattgantK.  —  Thia  is 
performed  much  as  the  preceding,  and  there  appear  to  be  produced 
oomponnds,  partly  the  same  as  those  irom  peroxide  of  lead,  partly 
difierent.  Of  the  latter,  one  at  lea«t  is  crystalliEable,  but  has  not 
been  anfficienlly  examined.     The  subject  requires  investigation. 

3.  By  Permcmffotutte  of  PoUuh.  —  In  this  oxidation  also,  some 
products  appear,  which  are  obtained  by  peroxide  of  lead,  such  as 
area ;  and,  m  some  forms  of  the  experiment  at  alt  events,  oxalic 
acid  ;  but  I  have  also  observed  the  formation  of  a  new  acid,  eon- 
taining  nitrogen,  the  precise  nature  and  composition  of  which  is 
not  yet  ascertained. 

4.  By  yilrie  Acid.  —  This  mode  of  oxidation  of  uric  acid  baa 
been  minutely  studied  by  Liebig  and  Wi>hler,  and  they  have  shown 
that  it  yields  a  Tery  large  number  of  new  and  important  products, 
among  which  is  again  found  urea,  and  also,  under  certain  circum- 
stances, oxalic  acid.  The  changes  are  best  traced  when  colorless 
nitric  acid  of  a  considerable  concentration,  of  Sp-  G.  t-46,  for  ex- 
ample, is  employed. 

1.  Alloxan. — When  uric  acid  is  added,  in  small  portions,  to 
thiaacid,  it  is  dissolved  with  a  gentle  snduniforme£Fervescence,  due 
to  the  escape  of  pure  carbonic  acid  and  nitrogen  gases,  without 
any  trace  of  the  red  vapors  of  nitrous  acid.  Heat  is  also  devel- 
oped,  so  that  no  external  heat  is  required,  and  it  may  even  be  ne- 
cessary to  moderate  the  reaction  by  placing  the  vessel  in  cold  water. 
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If  too  much  uric  acid  be  added  at  once,  or  if  the  mixture  be  al* 
lowed  to  get  too  hot,  a  violent  reaction  ensues,  accompanied  by 
copious  red  fumes,  after  which  the  experiment  cannot  succeed,  and 
must  be  recommenced  with  fresh  materials.  The  presence  of  a 
trace  of  the  coloring  matter  of  the  urine  infallibly  causes  this 
violent  reaction,  even  with  a  much  weaker  nitric  acid,  and  thus 
prevents  us  from  obUuning  the  desired  result,  even  to  a  small  ex- 
tent. In  all  these  cases,  the  whole  seems  to  be  converted  into  ox- 
alate and  carbonate  of  ammonia.  When  the  operation  is  properly 
managed,  and  a  little  practice  makes  it  quite  easy,  there  appear,  in 
the  warm  liquid,  after  a  certain  quantity  of  uric  acid  has  been  dis- 
solved, granular  crystals  of  the  new  compound,  alloxan.  If  more 
uric  acid  be  added,  it  is  still  decomposed,  and  when  the  warm 
liquid  (at  about  120*^)  contains  a  great  many  crystals,  it  is  allowed 
to  cool,  when  the  quantity  of  crystals  greatly  increases.  They  are 
now  thrown  on  a  filter  stopped  with  asbestus,  and  when  they  have 
drained,  the  acid  liquor  still  in  their  pores  is  displaced  by  a  little 
ice-cold  water,  which  is  added  till  the  droppings  have  only  a  slight 
acid  taste.  The  crystals  are  now  dissolved  on  the  funnel  with  wa- 
ter at  120^,  and  the  filtered  solution  evaporated  at  that  or  even  a 
lower  temperature,  till,  on  being  set  aside,  it  deposits  large  trans- 

?arent  crystals  of  hydrated  alloxan,  which  are  chemically  pure. 
'he  mother  liquid  of  these  crystals,  being  gently  evaporated,  yields 
more,  and  the  final  mother  liquid,  which  is  now  rather  acid,  from 
nitric  acid,  is  added  to  the  original  acid  mother  liquor,  to  be  used 
for  other  purposes.  By  the  above  process,  I  have  constantly  ob* 
tained,  without  difficulty,  upwards  of  from  90  to  106  parts  of  hy- 
drated alloxan,  quite  pure,  from  100  of  uric  acid,  besides  what 
remains  in  the  mother  liquid,  and  cannot  be  extracted  in  that  form. 
Not  more  than  2  os.  or  3  oz.  of  nitric  acid  should  be  used  in  one 
operation,  and  this  quantity  will  decompose  about  one-third  of  its 
web^ht  of  uric  acid,  or  more. 

The 'crystals  of  hydrated  alloxan,  when  heated  to  212^  lose 
about  27  per  cent,  of  water,  =  6  eq.  The  dry  or  anhydrous  al- 
loxan, which  may  also  be  obtained  in  crystals  when  a  saturated 
solution  is  evaporated  in  a  warm  place,  is  composed  of  Ct  Ns  H4 
Om),  which  explains  its  formation  from  uric  acid ;  for  C10N4  H4  0« 
4-  Oa  +  H4  O4  =  C.  Ni  H4  Oio  +  Ci  N«  H4  Oi ;  that  is,  uric 
acid,  plus  2  eq.  oxygen  and  4  eq.  water,  yields  1  eq.  alloxan  and 
1  eq.  urea. 

The  urea,  when  formed,  is  in  contact  with  hyponitrous  acid  (de- 
rived from  nitric  acid  by  the  separation  of  2  eq.  oxygen),  and  is 
immediately  decomposed  by  it,  yielding  oxide  of  ammonium,  which 
combines  with  some  free  nitric  acid,  carbonic  acid,  and  nitrogen, 
which  two  last  escape  as  gases.  C4  Na  Hi  Os  -h  N  O3  «  N  H4» 
0  +  2  C  O2  -h  Na.  At  Uie  end  of  the  operation,  therefore,  the 
acid  liquid,  which  has  deported  crystals  of  alloxan,  contains  nothing 
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bat  bIIoziui,  nitrate  of  ammoDia,  and  free  nitric  acid.  We  may 
therefore  expresa  ibe  final  reenlt  aa  follows:  Ci»N<H<0«  +  t 
(HO.NO,)4-2HO  =  C.N3H4  0.o  +  {NH*O.N05)  +  «C 
0»  +  Nj  . 

Allotao  is  ver^  soluble  in  water,  also  in  alcohol.  Its  Bolution 
stains  the  akin  pink,  and  gives  to  it  a  heavy  sickly  odor.  Ita  taste 
is  peculiar  und  almost  acidulous ;  but,  although  it  reddcna  lilmns, 
it  has  not  the  chemical  chnracters  of  an  acid.  It  is  a  very  re- 
markahle  substance,  from  the  numerous  transformations  vhich  it 
undergoes,  when  subjected  to  the  action  of  different  re-agents. 

Br  the  action  of  soluble  fixed  aloalies,  it  is  converted  into  a  pow- 
erful acid,  alloxanic  acid ;  by  the  action  of  ammonia  it  yields  an- 
other acid,  mykomelinic  acid ;  boiled  with  peroxide  of  lead,  it  is 
converted  into  urea  and  carbonic  acid  ;  by  boiling  with  nitric  acid, 
it  is  changed  into  a  new  and  powerbl  acid,  parabanic  acid  ;  by  the 
action  of  sulphuretted  hydrogen  and  other  deoxidiising  ageuta,  it 
yields  a  new  compound,  alloxantinc ;  with  hydrosnlphide  of  ato- 
monia  it  gives  a  new  salt  called  dialnrate  of  atntnonia ;  with  sul- 
phurous acid  it  combines,  forming  a  compound  acid,  alloxantr- 
sulphurous  acid  ;  and  with  snlphite  of  amnacnia  it  forms  another 
new  salt  called  thionurate  of  ammonia.  Such  are  the  compomida 
formed  by  the  direct  action  of  re-agents  on  alloxan  ;  hut  many 
others  are  produced  by  the  action  of  re-agents  on  these,  singly  or 
jointly.  Thus,  when  alloxan  and  alloxantine  are  both  present  in 
a  hot  solution,  ammonia  causes  the  development  of  a  deep  purple 
color,  and  tbe  deposition,  on  cooling,  of  the  gold-green  crystals  of 
muTcxide  ;  acids  acting  on  thionurate  of  ammonia  produce  thionuric 
acid,  nrnmile,  and  uramilic  acid  ;  adds  acting  on  mnrexide,  pro- 
duce mnrexan ;  adds  acting  on  a  dtalarate  of  ammonia  separate 
dialuric  add ;  ammonia,  acting  on  parabanic  acid,  converts  it  into 
a  new  acid,  oxaluric  acid  ;  and  by  the  action  of  heat  on  alloxanat* 
of  baryta,  another  new  acid,  mesoxalio  acid,  is  prodnced.  Allox- 
anic  acid,  when  heated,  yields  leiieotnric  acid  and  difluan  ;  and  al- 
loxantine when  boiled  with  hydrochloric  add,  yields  alituric  and 
dilituric  acids.  We  shall  endeavor  briefly  to  trace  the  formation 
and  the  relations  of  tliese  remarkable  products. 

2.  ^^(xranK^n<f.~ Its  formula  C<  Ni  Hi  0.-f2U0.  Itb 
therefore  isomeric  with  alloxan,  and  difien  from  it  in  this,  that  S 
eq.  water  have  become  basic,  and  replaceable  by  metallic  oxidea. 
It  is  a  bibasic  acid.  It  is  formed  when  solution  c^  alloxan  is  mixed 
with  barytic  water,  as  long  as  the  white  precipitate  first  formed  re- 
dissolves  with  a  gentie  heat.  When  it  begins  to  be  permanent,  a 
drop  or  two  of  alloxan  b  added  to  clear  all  np  ;  and  on  coolii^, 
alloxanale  of  baryta  ia  deposited  in  small  white  crystals.  From 
this  salt  the  acid  is  obtained  by  adding  sulphuric  acid,  so  as  to 
•eparate  all  the  baryta.  The  acid  solution,  on  evaporating,  yields 
crystals    of    alloianio    odd.      The    acid,    when    neutruliBed    by 
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ammonia,  forms,  with  nitrate  of  silver,  a  white  precipitate,  which, 
when  boiled,  becomes  yellow,  and  is  reduced  with  effervescence. 
When  the  solutions  of  its  salts,  with  baryta,  lime,  and  strontia,  are 
boiled,  they  become  turbid,  depositing  carbonates,  while  urea  and 
a  mesozalate  remain  dissolved.  The  formula  of  the  neutral  allox- 
anates  is  Ct  Ns  Hi  Ot,  2  M  0  +  &<!• ;   that  of  the  acid  salts  is 

C.NaHaO.,  J5[ 

Schlieper  has  lately  studied  the  salts  of  alloxanic  acid,  and  has 
confirmed  the  view  above  given.  But  he  has  also  examined  the 
products  of  decomposition  of  this  acid,  which  are  remarkable. 

When  a  solution  of  alloxanic  acid  is  boiled  to  dryness  and  pretty 
strongly  heated  in  a  capsule,  carbonic  acid  is  given  off,  and,  when 
at  last  the  residue  ceases  to  yield  any  gas,  and  flows  smoothly,  the 
addition  of  water  causes  the  separation  of  a  crystalline  powder  in 
small  quantity  which  is  leucoturic  acid ;  while  the  liquid  contains 
a  neutral  body,  difluan. 

3.  Leucoturic  Add — Is  white  and  crystalline,  sparingly  soluble, 
and  not  decomposed  by  nitric  acid.  It  is  dissolved  by  ammonia, 
with  which  it  forms  a  crystallizable  salt,  and  by  potash,  which, 
however,  soon  transforms  it  into  oxsdic  acid  and  ammonia.  Its 
composition  is  Ce  Ng  Ha  Oe  =  Ce  Na  Hi  Os  -j-  H  0.  It  contains 
the  elements  of  2  eq.  cyanogen,  C4  Na,  1  eq.  oxalic  acid,  Ci  O9, 
and  3  eq.  water.  Ha  O3.  With  3  more  eq.  of  water,  it  is  resolved, 
when  acted  on  by  potash,  into  oxalic  acid  and  ammonia. 

Ce  Nf  Hs  Oe  +  3  H  O  =  2  (N  HO  +  3  (Ci  Oa). 

4.  Difluan — The  more  soluble  product  of  the  decomposition  of 
alloxanic  acid,  is  precipitated  from  the  aqueous  solution  by  abso- 
lute alcohol  as  a  flocculent  mass,  which  in  vacuo  dries  up  to  a 
light  bulky  white  powder,  which,  when  exposed  to  the  air,  very 
rapidly  deliquesces :  hence  its  name.  It  is  an  indifferent  body, 
which  is  dissolved  by  potash,  and  rapidly  decomposed  in  contact 
with  that  base.  Its  composition  is,  Ce  Na  H4  Os,  thus  containing 
1  eq.  of  hydrogen  more,  and  1  eq.  of  oxygen  less,  than  leucoturic 
acid.  When  it  is  resolved  into  oxalic  acid  and  ammonia,  oxygen 
is  probably  absorbed  from  the  air,  unless  hydrogen  be  given  off, 
or  some  other  new  product  formed.  Thus,  CeNaH40»4-2H 
O  4-  Oa  =  3  (Ca  0» )  +  2  (N  Ha ).  This  reaction  has  not  been 
fiilly  studied ;  but  oxalic  acid  and  ammonia  are  certainly  pro- 
duced. 

Schlieper  has  observed  a  third  product,  along  with  leucoturic 
acid  and  difluan,  which  appears  to  contain  1  eq.  of  hydrogen  more 
and  1  eq.  of  oxygen  less,  than  difluan.  This,  however,  is  not  es- 
tablished, from  the  small  amount  of  the  substance  obtained.  The 
three  formula  exhibit  the  inverse  variations  in  the  hydrogen  and 
oxygen. 
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Leocoturic  acfd C*NiHiO( 

Difluan      Ca  Nt  H*  0< 

The  third  product C»  Ns  Hi  O* 

The  farmatJon  of  leucoturic  acid  and  of  diQnan  from  alloxanie 
acid  ia  very  simple. 

1  eq.  leucoturic  acid, Ca   Ni  Hs  O* 

1  eq.  difluan 0*  N>  H>  (>• 

4  eq.  carbonic  acid, C*  Ot 

1  eq.  water, HO 

3  eq.  alloxanic  acid Ci*  Ni  H>  Om 

6.  Hydvrilk  Add.  —  In  the  preparation  of  alloxan,  ScliUeper, 
on  one  occasion,  obtained  a  new  body,  which  proved  to  be  the 
ammonia  salt  of  n  new  acid,  hydurilic  acid,  di  Na  Hi  On.  It  ia  a 
bibasic  acid,  ^  Cii  Ns  Hi  Og  +2H0.  It  forms  minute  white 
prisms,  sparingly  soluble  in  cold  water.  It  may  be  viewed  aa  a 
compound  of  water  and  uryle  (Ct  Ki  Ot),ioi3  (Ci  N>  Ot)-4-  10 
H  0  =  S  (Cii  Ns  Hi  Oh.)      Hence  its  name. 

It  is  evidently  formed  by  an  incomplete  oxidation  of  urio  add, 
but  Schlieper  was  not  able  to  reproduce  it. 

With  mtric  acid,  it  yields  a  new  acid,  nitrohydurilic  add,  of 
very  similar  external  ciiaracter,  the  empirical  formula  of  which 
seems  to  be,  Ci  Ni  Hi  On.     This  is  equal  to 

1  eq.  uryle Ci  Na         0» 

1  eq.  nitric  acid, N          Oi 

3  eq.  oxy^n, Oi 

3  eq.  water,  . Hi  Oi 

C.  N.  H.  Oh 
And  it  is  formed  from 

9  eq.  hydurilic  acid  (anhydrous) Cm  N>  H«  On 

S  eq.  nitric  acid Ni        On 

9  eq-  oxygen, Oi 

3  eq.  nitrohydurilic  acid, Cu  Ns  Hi  Qa 

Schlieper  has  further  detected,  in  the  same  operation,  in  which 
he  observed  the  hydurilic  acid,  another  new  acid,  of  which,  how- 
ever, little  is  known.  Its  empirical  formula  was  found  to  be,  Cw 
Ni  Hi  Ot.     It  has  not  been  named. 

6.  Maoxalie  Add.  —  Obtuned,  in  combination  with  baryta,  by 
boiling  alloxanate  of  baryta ;  or  combined  with  oxide  of  lead,  by 
adding  alloxan  in  solution,  to  a  boiling  solution  of  acetate  of  lead. 
The  baryta  salt  is  pale  yellow,  and  sparingly  soluble  ;  the  lead 
salt  white  and  insoluble.  The  former  is  Cj  0.  \  ^  q  the  lat- 
ter Cs  0.,8  Pb  O.  The  acid  may  be  obKuned  from  either  or 
these  saita :  it  crystalUies,  is  very  sour,  and  is  probably  bibasio, 
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aad  has  alvj,  probablr,  the  formola  Cj  0«,  2  H  O.  la  that 
the  anhydroas  acid  is  rery  remarkable  as  a  new  compooiHl  of  car- 
bon and  oxv^n,  of  the  same  cla«s  as  meliitic  and  oxalic  acids  : 
bcDce  the  name.  It  »  characterized  bj  forming,  wb<ni  neatralized 
bj  ammonia  willi  nitrate  of  silver,  a  yellow  precipitate,  which, 
when  heaUrd,  is  reduced  with  bn>k  effenresceoce.  This  is  eri- 
dent!  V  the  cause  of  the  reaction  of  alloxanic  acid,  abore  mentioned, 
with  nitrate  of  Miter.  Mesoxalic  acid  deserrcs  and  requires  a  rery 
careful  inve«tl;raUon.  Its  formation  from  alk>zan,  or  alloxanic 
acid,  if  its  formula  b?  Cs  0«,  is  very  easily  explained :  for  1  eq. 
alloxan,  minas  1  e<\.  urea,  gives  2  eq.  mesoxalic  acid  :  Ct  Ns  H4 
0»  — C»  NsH«0i  =  C«0t  =  2C3  0€. 

7.  Mffkomdimk  Add,  Ca  N«  Ui  Os — Is*  formed  when  am* 
monia  acts  on  solution  of  alloxan ;  when  a  yellowish  gelatinous 
precipitate  of  mykomelinaie  of  ammoaia  soon  appears.  This  boiled 
with  dilate  sulphuric  acid  yidds  a  aaiilar  yellowish  precipitate, 
which,  when  dry,  forms  a  powder  fjpara^y  sokible  in  cold,  more 
readily  in  hot  water.  It  is  decaiAcilCy  an-JL  It  is  formed  of  the 
acid  bT  the  reaction  of  2  eq.  of  Mimonh  on  1  eq.  alloxan :  Ct 
Ni  H/0»  +  2  N  Hj  =  Ci  N«  Hs  0»  -f  SH O.  U  would  appear 
U>  differ  from  allantoine,  only  by  1  «q.  of  water  ;  for  2  eq.  of  al- 
lantoine  are  Ct  N4  H«  0«.' 

8.  Parabanic  Add,  C»  X«  0«  +  2  H  O  —  Is  formed  when 
alloxan  or  mic  acid  is  heated  with  an  exce»  of  nitric  acid,  and 
the  solution  concentrated  until,  on  cooling,  it  forms  a  soft  crystal- 
line mass.  This  is  dried  on  a  tile,  and  the  dry  crystals  are  puri- 
fied by  solution  in  hot  water,  filtration,  and  recrystallization.  A 
large  quantity  of  parabanic  acid  may  easily  be  obtained  from  the 
acid  mother  liquors  of  alloxan.  When  pure,  the  acid  is  beauti- 
fully white  and  crystallized,  very*  acid,  and  rery  soluble.  It  is 
characterized  by  its  CTeat  permanence  in  the  free  state,  for  it  may 
be  boiled  with  nitnc  acid,  as  its  preparation  shows,  and  at  the 
same  time  by  its  extreme  proneness  to  chanse  in  contact  with 
bases.  Thus,  if  neutralized  with  ammonia  in  Uie  warm  solution, 
it  deposits,  on  cooling,  a  crystallized  salt,  which  is  ozalurate  of 
ammonia.  The  same  change  takes  place  with  all  bases  except 
oxide  of  silver,  so  that  the  parabanate  of  silver  is  the  only  salt  of 
this  very  powerful  and  remarkable  acid  which  can  be  obtained. 
To  be  converted  into  oxaluric  acid,  parabanic  acid  only  requires  3 
eq.  of  water.  The  production  of  parabanic  acid  is  very  simple. 
1.  From  uric  acid  :  C10N4  H4  Oe  +  O4  +  Ha  Oar  =  C»  Na  H4 
Oa  +  2  C  Oa  +  Ce  Na  O4, 2  H  O.  2.  From  alloxan  :  C.  Na  H4 
Oia  -f  Oa  =  2  0  Oa  +  2  H  O  -h  C.  Na  O4 ,  2  H  O. 

9.  Oxaluric  Acid,  Ce  N«  Hj  Or  +  H  0.  — Formed  by  the  ac- 
tion of  bases  on  parabanic  acid :  CeNa04  +K0  +  3H0 
=  C«Na  H)  Ot  ,  IC  O:  The  acid  b  obtained  by  adding  dilute  sul- 
phuric acid  to  a  hot  saturated  solution  of  oxalurate  of  ammonia. 
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prepared  b^  tbe  action  of  ammonia  on  pambanic  acid.  On  coolinj;, 
the  oxalaric  acid  ii  deposited  as  a  heavy  white  powder.  Wheo 
long  btnled  in  water,  il  ja  decomposed  into  oxalate  of  ures  and 
free  oxalic  acid.  In  fact,  it  contains  the  elementa  of  8  eq.  oxalic 
acid  and  1  eq.  nrea: :  S  C>  O3  -|-  C,  N>  H,  0>  =  C>  Ni  H,  O1, 
HO.  It  is  also  charactericed  bjr  forming  with  oxide  of  silver  a 
white  satt,  which  dissolves  in  hot  water,  and  cryfltalliieB  beanli- 
fully  on  cooling. 

Iheacalurateo/ammtmia.^  Hi  0  +  C«  Ni  Hs  0«  —  Is  formed 
whenever  a  solution  of  alloxan,  or  alloxantine  in  water,  or  of  uric 
acid  in  nitric  acid,  is  evaporated  with  excess  of  ammonia,  and 
where  coloring  matter  is  present,  as  when  ammonia  is  made  to 
act  on  the  acid  in  the  mother  liqaors  of  alloxan,  tbe  oxalnrate  is 
often  depoait«d  in  radiated  hemispherical  concretions,  which  some- 
times attain  the  siie  of  an  inch  or  two  in  diameter,  and  are  very 
hard.  When  decolorised  by  animal  charcoal,  it  forms  small,  soft, 
flexible  needles.  I  have  found  that  this  salt,  when  exposed  to 
heat  in  a  retort,  yields  ammonia,  hydrocyanic  acid,  and  much 
oxamide,  besides  water,  and  perhaps  other  products,  while  a  dark 
residue  is  left. 

10.  nwnurtc^rirf,  C.  NsHtS,  Oh  =  (C4N.  H.  0.,2SO,) 
-]-  S  H  0  —  Is  formed  when  sulphite  of  ammonia,  with  excess  of 
base,  is  added  to  solution  of  alloxan,  and  the  whole  boiled  for  a 
few  minntes,  or  until  crystals  appear  in  the  hot  liquid.  On  cool- 
ing it  forms  a  semi-solid  mass,  from  the  separation  of  a  large  quan- 
tity of  thionnrate  of  ammonia  in  beautifal  silvery  crystals,  which 
are  to  be  washed  with  cold  water,  and  dried  on  a  tile.  From  this 
salt  thionnrate  of  lead  is  prepared,  and  this,  being  decomposed 
bv  sulphuric  acid,  yields  thionuric  acid.  The  acid  is  crystalliza- 
ble,  but  very  soluble.  It  is  bibasic,  and  contains  the  elements  of 
I  eq.  alloxan,  t  eq.  ammonia,  and  2  eq.  Bulpfanrons  acid,  not 
however  as  such,  for  the  elements  of  S  eq.  water  have  nseumed 
the  basic  form. 

Its  most  striking  character  is,  that  when  its  solution  is  heated  it 
becomes  turbid  ^nn  the  deposition  of  a  new  compound,  nramile, 
and  in  the  liqnid  sulphuric  acid  may  now  be  found,  whioh  was  not 

reviously  present:    C  Nj  Hi  0.  +  «  SOi  =  C.  Nj  Hi  0.  -f  2 
Oi ;  so  thatthe  snlphnrons  acid  obtains  oxygen  from  the  rest  of  the 
acid,  and  becomes  snlphnric  acid,  leaving  uramile,  Ci  Na  Hj  0«. 

Thumtmle  of  Ammonia,  (C  N,  Hi  Oi,  2  BOi)  +2NH4  0 
■^  %  aq.  —  Is  formed  as  above  described.  When  its  solution  ia 
mixed  with  1  eq.  of  hydrochloric  acid,  half  the  ammonia  is  re- 
moved, and  by  evaporation  we  obtmn  acid  thionurale  of  ammonia 
in  minute  silky  needles.  But  when  the  hot  solution  of  thionnrate 
of  ammonia  is  mixed  with  an  excess  of  acid,  the  thionnric  acid  is 
set  free  and  instantly  decomposed,  uramile  being  deposited.  Little 
is  known  of  the  other  IhioDorates. 
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11.  Uramile,  Ct  N3  Hi  Oo.  —  Its  fonnatioa has  been  described 
above.  It  occurs  either  as  a  crystalline  powder,  or  in  dendritic  or 
feathery  crystallizations,  of  very  beautiful  aspect.  It  dissolves  in 
ammonia  and  potash,  and  the  solution  absorbs  oxygen  ;  becoming 
purple,  and  depositing  green  crystals  of  murezide,  or  of  potassium- 
murexide.  When  boiled  with  peroxide  of  mercury,  and  a  very 
little  ammonia,  it  is  also  converted  into  murezide.  Boiled  with 
caustic  potash,  or  with  dilute  acids,  it  is  said  to  yield  uramilio 
acid.     Nitric  acid  reconverts  it  into  sJlozan. 

12.  UramUic  Acid,  —  Obtained,  by  Liebig  and  Wuhler,  by 
evaporating  acid  thionurate  of  ammonia,  or  uramile,  with  dilute 
sulphuric  acid ;  also,  it  is  said,  by  boiling  uramile  with  potash. 
It  appeared  to  these  chemists  as  fine  prisms,  very  soluble  in  water, 
and  its  analysis  indicated  the  formula  Cic  Ns  Hio  Ois ;  which  might 
be  derived  from  2  eq.  uramile  by  the  loss  of  1  eq.  ammonia,  and 
the  addition  of  Sea.  water:  2  (Ct  N3  H*  Oe)  +  2HO  — NH» 
^  C16  Ns  Hw  O16.  But  this  acid  has  not  been  again  obtained,  and 
its  existence  is  still  doubtful. 

13.  AUoxanUne,  Ct  Ns  Hs  On.  —  Obtained  in  large  quantity 
by  diluting  the  acid  mother  liquid  of  allozan  with  3  or  4  parts  of 
water,  and  passing  a  current  of  sulphuretted  hydrogen  through  it. 
In  a  short  time  sulphur  is  deposited,  and  then  white  crystals  of 
alloxan  tine.  When  a  large  quantity  has  formed,  it  is  collected 
with  the  sulphur,  on  a  filter,  washed  with  a  little  cold  water,  and 
the  filter  with  its  contents  then  boiled  with  a  large  quantity  of 
water.  The  solution,  filtered  while  hot,  and  with  the  addition  of  a 
few  drops  of  hydrochloric  acid,  deposits,  on  cooling,  a  large  crop 
of  pure  crystals  of  alloxantine.  The  acid  liquid,  filtered  from  the 
first  deposit,  often,  on  standing  a  day  or  two,  deposits  a  large  ad- 
ditional quantity  of  alloxantine.  This  always  happens,  if  too  much 
sulphuretted  hydrogen  has  been  used ;  for  that  converts  the  al- 
loxantine partially  into  dialuric  acid,  which  is  more  soluble,  but 
by  absorbmg  oxygen  from  the  air,  is  reconverted  into  alloxantine, 
and  thus  deposited. 

Alloxantine  may  also  be  obtained  by  deoxidizing  a  pure  solution 
of  alloxan,  either  by  sulphuretted  hydrogen,  or  by  other  deoxidiz- 
ing agents ;  or  by  heating  a  solution  of  alloxan  to  the  boiling  point, 
either  by  itself  or  with  the  addition  of  dilute  mineral  acids,  when 
alloxantine  is  formed  and  deposited  on  cooling.  But  the  process 
above  given  for  converting  into  alloxantine  the  alloxan  of  the  acid 
mother  liquor,  which  cannot  be  purified  by  crystallization,  is  so 
productive,  and  yields  alloxantine  so  pure,  that,  if  we  have  to  pre- 
pare alloxan,  we  need  never  be  at  a  loss  for  alloxantine. 

The  formation  of  alloxantine  from  alloxan  by  sulphuretted  by- 
dr(^n  is  easily  explained,  for  these  compounds  only  diflfer  by  1 
eq.  hydrogen,  which  the  alloxan  takes  from  sulphuretted  hydro- 
gen.    Oxidizing  agents,  by  converting  this  hydrogen  into  water. 
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readily  reconvert  nlloxanUne  into  alloxaa :  Ci  Ni  Ht  Ojo  +  0  s 
H  0  +  C.  N,  H*  Oio. 

Alloxantme  forms  white,  hnrd,  brilliaDt  crystals,  which  never 
exceed  a  certaio  amall  bibo.  It  is  very  sparingly  soluble  in  cold 
water,  much  more  so  in  hot  water.  Its  solution  is  characterized 
by  giving  with  solution  of  baryta  a  deep  violet  precipitate,  which 
with  excess  of  baryta,  changes  to  white ;  and  by  instantly  reduc- 
ing nitrate  of  silver,  forniiDg  a  black  powder  of  silver,  the  alloxan- 
tine  passing  into  alloxan,  or  oxaluric  acid.  The  crystals  of 
alloxanljne,  heated  to  300°,  lose  3  eq.  of  water. 

In  the  preparation  of  alloxan,  it  is  necessary,  as  has  been  stated, 
to  be  very  carefni  that  the  first  solution  of  the  crystals  formed  in 
the  nitric  acid  should  not  be  heated  too  strongly,  because,  as  this 
solution  contains  free  nitric  acid,  alloiantine  is  formed  at  a  certain 
temperature  ;  and  besides,  even  a  pure  solution  of  alloxan,  if  boiled, 
is  partly  converted  into  alloxantine.  The  action  of  diluted  nitric 
and  other- mineral  acids  on  alloxan  is  to  produce,  from  2  eq.  al- 
loxan, 1  eq.  alloxantine,  3  eq.  oxalic  acid,  1  eq.  ammonia,  and  1  eq. 
cyanic  acid,  the  latter,  with  3.  eq.  water,  producing  bicarbonate  of 
ammonia.  When  solution  of  alloxan  is  boiled  alone,  it  is  converted 
into  alloxantine,  parabanic  acid,  and  carbonic  acid  :  3  (C>  Ni  Ut 
0»)  =  2(CiN,  H.  0«.)  +  C.  NsHsOi  +  aCOs. 

In  all  these,  or  in  Mmilar  cases,  the  presence  and  the  relative 
proportion  of  alloxantine  contained  in  alloxan  at  anv  period,  may 
be  judged  of  by  the  color  of  the  precipitate  formed  m  baryta.  If 
pure  white,  no  alloxantine  is  present ;  if  slightly  pink,  it  is  present 
m  small  quantity  ;  if  deep  violet,  all,  or  nearly  all,  the  alloxan  hu 
been  converted  into  alloxantine. 

It  is  when  both  alloxan  and  alloxantine  are  present,  that  the 
addition  of  ammonia  produces  the  deep  purple  color,  and  the  green 
crystals  of  murexide.  When  ammonia  acts  on  alloxantine  luone, 
it  gives  rise  to  ununile,  and,  finally,  to  oxalurale  of  ammonia. 

One  most  remarkable  change  which  alloxantine  undergoes  is 
that  caused  by  the  further  action  of  sulphuretted  hydrogen.  If 
that  gas  be  passed  through  a  hot  solution  of  alloxantine,  sulphur  ia 

Erecipitated,  and  an  acid  liquid  is  obtained,  which,  if  neutralised 
y  carbonate  of  ammonia,  forms  a  salt  in  soft  white  silky  crystals, 
the  dialurate  of  ammonia.  Alloxantine,  by  the  action  of  nydrt^ 
gen,  which  removes  I  eq.  oxygen,  is  converted  into  dialuric  acid. 

14.  Diaiurie  Acid,  C.  N.  Hi  O7  +  H0=C.  Nj  H.  O,.— 
Produced  by  the  action  of  anlphnretted  hydrogen  on  alloxantine  : 
C.NtHiO»  +  H8  =  S  +  2HO  +  C.NiH4  0,.  It  is  best 
obtained,  in  combination  with  ammonia,  by  adding  a  slight  excess 
of  hydrosulphide  of  ammonia  to  a  solution  of  alloxan  or  alloxan- 
tine, when  a  copious  crystalline  precipitate  appears.  This,  when 
boiled,  dissolves  in  the  liquid,  and  on  cooling  is  deposited  in  mi- 
nute silky  prisms,  which  are  white,  but  in  drying  become  pink  or 
89 


■parit 
Aklui 


988  inntKXUiB. 

even  deep  red.  They  should  be  wuhed  on  the  filter,  6nt  with 
diluted  hvdrosnlphide  of  ommonm,  then  with  alcohol,  to  which  a 
iitde  hydrosulphide  has  been  added ;  and  lastly,  with  pnra 
alcohol ;  and  dried  by  pressure  in  blotting-paper,  and  in  the  vacuom 
of  llie  ur-pump.  They  may  thus  be  obtained  white,  or  very  near- 
ly so ;  and  when  once  quite  dry,  they  are  permaoent.  When  thia 
salt  ia  dissolved  in  hot  and  moderately  strong  bydrocblorie  acid, 
crystals  of  dialuric  acid  are  deposited  on  cooling.  These  crystala 
resemble  somewhat  those  of  alloiaotine,  but  are  larger,  and  not  bo 
brilliant.  Their  solution,  and  tbe  crystals  themselves  under  water, 
absorb  oxygen,  and  are  soon  changed  into  allozantine,  from  which 
dialuric  acid  only  differs  by  t  eq.  oxygen  and  1  cq.  water. 

Dialuric  acid  is  ft  powerful  acid.  Its  salts  are  insoluble  or 
Mringly  soluble,  and  only  permanent  in  the  dry  state.  The 
ialurate  of  ammonia,  above  described,  is  the  most  interesting. 
16.  Alilurie  Aad.  —  This  acid  is  formed  when  alloxantiae  is 
boiled  with  hydrochloric  acid,  and  was  discovered  by  Schlieper. 
It  i*  soluble  in  l£  or  SO  parts  of  hot  water,  and  is  deposited  on 
eoolmg  as  a  bulky  crystalline  powder.  It  is  not  altered  by  nitric 
acid.  ItaformulaiBC.N.H,0,=.C.N.H,Oj  +  HO.  When 
heated  with  potash,  ammonia  is  disengnged,  and  the  addition  of  an 
acid  causes  a  precipitate  of  a  new  body,  apparently  composed  of  Cii 
N.  HiOn  +  KO.  Such  a  body  might  be  formed  from  3  eq.allturic 
acid  •\-  4eq.  oxygen-)-  2  eq.  water,  the  whole —  I  eq.  ammonia. 

16.  DilUuric  Aeid.  —  lhiB  is  found  in  the  liquid  obt^ned  when 
the  preceding  acid  is  purified  from  alloxantine  by  nitric  acid,  in 
oombinadon  with  ammonia.  The  acid  retains  the  ammonia  with 
such  force  that  it  has  not  yet  been  obtained  in  a  separate  form. 
The  aromoniacal  salt  is  Ci  N,  HOi -|-NH.  0 -f-HO  ;  and 
the  add  is  inpposed  to  be  bibnsic,  Ct  Ni  H  Ot  +  2  H  0. 

It  is  probably  a  coupled  acid,  for  it  conttuns  the  elements  of  3 
eq.  cyanic  acid,  2  eq.  carbonic  nud,  and  3  eq.  water  :  3  (C>  NO) 
-f-  2  C  O.  +  3  H  O  =  C.  Ni  Hi  Oio.  The  silver  salt  explodes 
when  heated,  which  is  rather  favorable  to  this  view. 

17.  Mwexide.  6in.  fwpuralt  o/ Ammonia.  —  Formed,  as  al- 
ready mentioned,  when  ammonia  acta  on  a  solution  containing 
both  alloxan  and  alloiantine,  which  explains  its  production  when 
ammonia  is  added  to  the  solution  of  uric  acid  in  dilute  nitric  aoid, 
after  evaporation  to  a  certain  extent ;  also,  when  uramile  or 
mureian  is  boiled,  with  red  oxide  of  mercury  or  oxide  of  silver,  in 
water,  with  a  few  drops  of  ammonia,  or  when  uramile  or  mnrexan 
is  dissolved  in  ammonia  and  exposed  to  the  atmosphere  ;  and  in  ft 
great  variety  of  circnmstanoes  from  all  the  preceding  compounda, 
or  nearly  all  of  them. 

On  the  small  scale,  4  naias  of  allozantine  and  7  gnuna  of 
hydrat«d  alloxan,  are  diasolTed  together  in  4  oi.  by  measnrfl  of 
water  by  b<»ling,  and  the  hot  sohition  addea  to  }  oi.  by  meamw 
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of  R  saturated  or  nearly  saturated  solution  of  carboaal«  of  aromo- 
Dia,  the  Utt«r  being  cold.  This  mixture  has  exactly  the  proper 
temperature  for  the  formation  of  murexide  ;  and  it  does  not,  owing 
to  its  small  bulk,  remain  loo  long  hot.  li  ioetantly  becomes 
intensely  purple,  while  carbonic  acid  is  expelled  ;  and  as  soon  as  it 
begins  to  cool,  the  beautiful  green  and  metallic-looking  crystals  of 
rourexide  appear.  As  soon  as  the  liquid  is  cold,  these  may  be 
collected,  washed  with  a  little  cold  water,  and  dried  on  a  filtering 
paper.  I  have  obtained  them  by  the  above  process,  and  on  this 
small  scale,  of  from  2  to  3  lines  iu  length.  When  made  with 
larger  quantities,  the  crystals  are  always  smaller,  owing,  probably, 
to  some  effect  of  the  slower  cooling  of  the  larger  mass  of  liquid, 
as  continued  heat  is  not  favorable  to  their  formation.  If  we  do  not 
care  about  having  the  finest  crvstats,  we  may  prepare  murexide  in 
large  quantity  by  adding  solutiou  of  alloxan  to  a  boiling  solution 
of  alloxantine,  and  cautiously  adding  cold  solution  of  carbonate  of 
ammonia,  till  the  mixture  has  become  nearly  black,  and  the  green 
crystals  begin  to  appear.  The  vessel  being  removed  from  the 
fire,  deposits  a  verv  large  quantity  of  murexide.  In  these  pro- 
cesses, the  residual  liquid  is  still  colored,  and  is  alcaline  firom  excest 
of  ammonia ;  if  kept,  it  loses  the  red  color,  becomes  yellowish, 
and  if  evaporated,  yields  much  alloxanate  of  ammonia  in  crystals. 

Murexide  is  one  of  the  most  beautiful  products  of  chemistry : 
the  crystals  are  metallic  green  by  reflected  light,  like  the  cantba> 
rides  fly  or  the  gold  beetle,  and  deep  red  by  transmitted  lighL 
Their  solution  is  deep  purplish  red,  and  they  dissolve  in  potash 
with  the  most  splendid  purplish  blue  color  that  can  be  imagined; 
this,  however,  soon  disappears.  When  their  solution  is  acted  on 
by  a  dilute  mineral  acid,  it  is  decolorized,  and  deposits  a  shining 
scaly  crystalline  powder,  of  a  pale  yellow  color,  which  is  murezao. 
The  same  compound  is  obtained  when  acids  are  added  to  the  solu- 
tion of  moreiide  in  potash,  after  the  purple  tint  has  disappeared 
on  digestion  in  a  gentle  heat. 

The  composition  of  murexide  is  uncertain,  and  there  are  dtfEerent 
views  of  its  constitution.  According  to  some  it  is  a  salt  of  ammo- 
nia ;  and  this  view  is  supported  by  the  fact  that,  with  salts  of 
baryta  and  oxides  of  lead  uid  silver,  it  yields  purple  salts,  which, 
according  to  Fritzsche,  contain  the  same  acid  that  in  murexide  ii 
combined  with  ammonia,  and  which  may  be  called  purpuric  acid. 
But  murexide  is  not  a  eompoond  of  ammonia  with  the  purpuric 
acid  of  Prout;  for  when  uiat  body  (murezan)  is  dissolved  in 
ammonia,  it  only  forms  murexide  by  absorbing  oxygen  from 
the  air,  and  yields  other  compounds  at  the  same  time.  Again, 
the  action  of  sulphuretted  hydrogen  is  inconsistent  with  the 
viewed  murezideoeing  a  salt  of  ammonia,  and  in  many  of  its 
relotiooa  it  more  reHmUes  a  neutral  body  —  socb  as  a  oompouod 
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Its  products  of  decomposition  are  very  numerous,  and  altogether 
the  subject  is  one  of  much  difficulty.  Possibly  there  may  be  two 
substances  similar  in  appearance,  but  distinct  in  constitution  ;  one 
a  salt  of  ammonia,  the  other  an  indifferent  body,  or  an  amidide. 
The  great  discrepancy  in  the  results  of  analysis,  as  obtained  by 
Liebig  and  Wuhler  on  the  one  hand,  and  Fritzsche  on  the  other, 
as  well  as  some  differences  in  the  properties  ascribed  to  it  by  dif- 
ferent chemists,  lead  to  some  such  conclusion.  The  formula 
considered  by  Liebig  and  Wuhler  the  most  probable,  all  things 
considered,  but  not  established,  is  C12N3  Ho  Oc  ;  another  some- 
what less  probable,  is  C»Nc  HioOu.  Both  of  these  will  enable 
us  to  account  for  its  production,  in  different  circumstances.  The 
formula  of  Fritzsche,  which  agrees  with  his  analysis,  is  CmNc  Hr 
On  =  NH3  +  CwNs  Hs  On.  The  salt  formed  with  nitrate  of 
silver  is,  Cie  Ns  Hs  On  +  Ag  O,  which  would  exibit  the  unusual 
phenomenon  of  ammonia,  instead  of  oxide  of  ammonium,  being 
replaced  by  oxide  of  silver ;  and  the  baryta  compound  is  Cm  N5 
Hi  On  -|-  H  0  4-  Ba  O.  Admitting  the  formulae  of  Fritzsche  for 
the  silver  and  barium  compounds  to  be  correct,  these  are  not 
demonstrated  to  be  salts  of  purpuric  acid ;  but  besides  this,  his 
formula  for  murexide  does  not  enable  us  to  explain  its  production 
in  any  case.  In  these  circumstances,  we  shall  not  attempt  to 
explain  the  formation  of  murexide,  farther  than  to  point  out  that 
it  appears  to  require  the  presence  of  a  compound  intermediate 
between  alloxan  and  alloxantine  ^the  former  losing  oxygen,  the 
latter  gaining  it),  and  of  ammonia ;  and  that  it  is  not  the  only 
product. 

18.  Murexan,  Stn.  Purpuric  Acid,  C«NaH40s?  —  Formed 
by  the  action  of  acids  on  murexide,  but  along  with  several  other 
products.     It  appears  as  a  shining  powder,  composed  of  scales, 

fenerally  pale  yellow,  sometimes  pale  brown,  never  quite  white, 
t  is  insoluble  in  water  or  nearly  so,  but  the  liquid  filtered  from  it 
has  always  a  peculiar  opalescent  aspect  and  play  of  colors.  It  dis- 
solves in  potash  and  ammonia,  and  the  solutions  become  purple,  by 
absorbing  rapidly  oxygen  from  the  air,  and  finally  deposit  green 
crystals.  Wnen  boiled  with  peroxide  of  mercury,  water,  and  a 
little  ammonia,  it  yields  murexide.  It  dissolves  in  oil  of  vitriol, 
and  is  precipitated  unchanged  by  water.  In  all  these  characters, 
except  in  its  external  aspect,  it  coincides  entirely  with  uramile,  and 
it  is  not  impossible  that  it  may  be  hereafter  found  to  be  uramile, 
disguised  by  the  presence  of  a  foreign  substance.  For  the  pres- 
ent, however,  its  analysis  compels  us  to  distinguish  it  from  ura- 
mile. 

Having  now  described  the  numerous  products  of  the  oxidation 
of  uric  acid  by  nitric  acid,  we  are  prepared  to  understand  the 
nature  of  the  radical  supposed  to  be  common  to  most  of  these 
compounds. 
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Uryle.    Ul.  =  C.  N  04=4  C  0+3  C«  N. 
Sm.  Cganoxalic  Add.  —  This  radical  is  unknown  in  the  separate 
form.     It  contains  the  dements  of  four  eq.  carbonic  oxide  or  2 
eq.  ozalyle  (Ci  O3),  and  i  eq.  cyanogen.     Hence  the  name  cyan- 
oxalic  acid.     Assuming  it  U>  exist,  we  have  the  folloiring  aenea : 

lUtloul  BmnilB.  Niunv.  KmpMcal  ttmiBlig. 

Ul+leq.  urea  =  Uric  acid,  =  CmN4Hi0i 

Ul  +0  +  6  H  O  =  Alloxantine,  =  C.  N.  H*  0« 

UI  -1-01+4  HO  =  Alloxan,  =  C.  Ni  Hi  0» 

Ul  +4  H  O  =  Disiuric  acid,  =  C.  Ni  H*  O* 

UIj+10  ho  =  HyduriUc  acid,  =  atCo  N»  H«  O.i) 

^'+2Ho"'^**^     I  =  Nitrohydurilic  acid,  =  C.N.HtO» 

Ul+NHs+9H0  =  Uramile,  =  CiNiHtO) 

U1+03+4HO     )  —  Thi™,>riP  nPi,!  —  rw.H,n„s. 

+NHj+380«i  —  Thionuric  acid,  =  C,N)H>0«S. 

The  ready  conversion  of  these  compounds  one  into  another  is  n 
strong  argument  for  the  existence  of  the  radicd  uryle.  But  the 
rational  formula  above  given  do  not  represent  what  we  suppose  to 
be  the  actual  arrangement ;  they  only  point  out  by  whit  simple 
means,  as  the  addition  or  removal  of  oxygen,  or  ammonia,  or  water, 
the  elements  of  the  new  compounds  might  be  supplied.  The  other 
derivatives  of  uric  acid  are  probably  compound^  of  different  radi- 
cals :  thna,  parabanic  and  oxaluric  acids  each  contain  only  6  eq. 
of  carbon,  and  cannot,  therefore,  be  compounds  of  uryle. 

The  above  brief  sketch  of  the  products  derived  from  uric  acid, 
will  serve  to  show  the  inexhausbble  variety  of  new  products, 
which  one  complex  body  may  yield.  Notwithstanding  all  that 
has  been  done,  we  must  consider  this  subject  ns  merely  opened  up 
and  a  farther  prosecution  of  it  will  infallibly  lead  to  many  interest- 
bg  and  valuable  results. 

AFPXNDIZ    TO    UBIC    ACID. 

1.  Wric  or  Xanlhic  Oxide.  —  This  is  a  very  rare  ingredient  of 
urinary  calculi.  Its  formula  is  Cj  Ni  Hi  Oi,  which  ti£en  double 
differs  from  uric  acid  only  by  2  eq.  oxygen.  Hence  its  name  of 
uric  oxide.  It  is  soluble  in  potash  and  precipitated  by  acids  as  a 
white  powder.  It  dissolves  in  nitric  acid,  and  the  solution  evapo- 
rated to  dryness,  leaves  a  yellow  residue  :  hence  the  name  of 
xanlhic  oxide.  It  is  said  to  occur  in  small  quantities  in  some 
kinds  of  guano. 

2.  CytUe  Orirfe,  0»  N  Ha  Of  Sj.  —  Another  very  rare  form  of 
calculus.  It  dissolves  both  in  acids  and  alcalies,  and  has  the 
characters  of  an  organic  base,  forming  crystalline  compounds  with 
acids.  It  is  remarkable  from  the  large  quantity  of  sulphur  it 
contains. 

3.  Qvaniite,  CisNi  Hi  Oi. — This  compound  bos  been  discor- 
ered  quite  recently  in  guano,  by  Unger,  who  at  first  supposed  it  to 
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be  identical  with  uric  or  xanthic  oxide,  but  subsequently  found  it 
to  be  a  distinct  compound.  It  seems  to  be  a  base  somewhat  analo- 
gous to  urea ;  for  it  unites  with  hydrochloric,  sulphuric,  and  nitric 
acids,  forming  crystallizable  salts,  among  which  are  acid  salts, 
with  hydrocfaJoric  and  nitric  acids,  a  very  rare  phenomenon. 

Guanine  is  a  white  powder,  insoluble  in  water.  Like  other 
organic  bases,  it  forms  a  double  salt  when  its  hydrochlorate  is 
mixed  with  bichloride  of  platinum.  This  salt  crystallizes  in  fine 
oran^  yellow  crystals,  the  formula  of  which  is  (CioNs  H«  0«, 
H  CI)  +  2  Pt  Cla  +  4  H  O.  It  is  remarkable  that  guanine  forms 
no  basic  salts,  as  most  weak  bases  do,  but  only  neutral  and  acid 
salts. 

Hyperurie  Acid  (?).  —  This  acid  was  also  discovered  by  Unger, 
who  obtained  it  by  acting  on  guanine  with  a  mixture  of  hydro- 
chloric acid  and  chlorate  of  potash.  Its  formula,  according  to 
Unger's  experiments,  is  CioN^4H5  Oq,  which  differs  from  uric 
acid  by  1  eq.  water,  and  2  eq.  oxygen ;  hence  the  name.  Unger 
conjectures  it,  from  the  analysis  of  the  silver  salt,  tobebibasic,  Cio 
N4  Hs  Ot  +  2  H  0  ;  but  the  want  of  material  has  prevented  him 
from  fully  investigating  this  curious  acid  ;  and  he  marks  its  formula, 
and  even  its  name  as  doubtful. 

The  acid  forms  short  rhombic  prisms,  colorless,  and  of  brilliant 
lustre.     When  heated ,  it  yields  hydrated  cyanic  acid,  water  and  a 
residue   of  carbon.     This  might  occur  with  the  formula   above 
given,  for  Cio  N4  Hs  O9  =  4  (C2  N  O,  H  O)  +  H O  +  Ca. 
XIII.  Benzoyle.    Bz  =  CuHiOfl. 

This  is  the  radical  of  benzoic  acid,  of  oil  of  bitter  almonds, 
and  of  an  extensive  series  of  compounds.  The  radical  is  not  yet 
known  with  certainty  in  the  separate  form,  although  a  compound 
exists,  having  the  same  composition.  (See  BemiU,)  We  shall 
describe  first  the  benzoic  acid,  and  afterward  the  other  compounds 
derived  from,  or  connected  with  it. 

1.  Behzoic  Acid.  Ci4Hi03,HO  =  BzO,HO,  or  Bz  03,H. 
This  acid  is  found  in  gum  benzoin,  mixed  with  some  resins ;  and 
it  also  occurs  in  the  urine  of  herbivorous  animals,  under  certain 
circumstances.  It  is  also  formed  by  the  oxidation  of  the  oil  of 
bitter  almonds.  It  may  be  obtained  from  benzoin  by  sublimation, 
the  powdered  gum  being  gently  heated  on  an  iron  plate  forming 
the  oottom  of  a  broad  and  short  cylinder,  the  top  of  which  is 
covered  with  bibulous  paper  pasted  tightly  down  to  the  sides, 
while  another  cylinder  slides  over  the  upper  end  of  the  first,  to  pre- 
prevent  the  escape  of  the  acid.  The  vapors  of  the  acid,  which  is  very 
volatile,  pass  through  the  paper,  and  forming  crystals,  are  there 
retained,  falling  on  its  upper  surface.  The  following  method,  how- 
ever, is  far  more  productive,  as  in  the  process  of  sublimation  some 
of  the  acid  is  always  decomposed.     Benzoin  is  dissolved  in  strong 
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aloohol,  and  to  tke  hot  lolution  there  ia  added  hTdnMhlorio  add  in 
qaantity  Bnfficient  to  precipitate  the  rewo  :  the  whole  i»  then  dis- 
tilled. The  bensoic  acid  pastes  over  under  the  form  of  beDioio 
ether  (benioale  of  oxide  of  elhyle)  ;  and  when  the  greater  part  of 
the  liquid  has  been  distilled  off,  water  is  added  to  the  residue,  and 
distilled  as  long  as  an^  ether  passes  over  with  it.  When  this  ceasea, 
the  hot  water  remaining  in  the  retort  is  filtered,  and  on  cooling 
deposits  part  of  the  benzoic  acid  in  crystals.  The  benioic  ether 
and  all  the  distilled  liquors  are  now  treated  with  causUc  potash, 
until  all  the  ether  is  decomposed,  and  the  solution,  now  contain- 
ing benioal«  of  potash,  is  healed  to  boiling,  and  supersaturated  with 
hydrochloric  acid.  On  cooling  it  depouts  the  henioic  acid  in 
crystals.  By  this  means  the  whole  benzoic  acid  of  the  benzoin  is 
obtained. 

Benioic  acid  forms  fine  light  prismatic  crystals,  or  flexible  pearly 
scales.  When  pure,  it  has  no  smell,  but  by  hent  it  acquires  the 
odor  of  benzoin  or  of  vanilla,  and  as  commonly  prepared  it  has  a 
very  pleaaant  odor  derived  from  the  presence  of  some  foreign 
compound  which  accompanies  the  acid,  and  is  not  eauly  separated 
from  it.  It  is  very  fusible  and  volatile,  and  its  vapors  are  very 
irritating,  provoking  cough.  It  is  inflammable,  burning  with  smoke. 
It  is  sparingly  soluble  in  cold  water,  more  so  in  boilmg  water ;  it 
dissolves  also  in  alcohol  and  ether. 

With  bases  it  forms  salts,  many  of  which  are  crystalltiable. 
Their  general  formula  is  Bz  0,  M  0.  or  Bs  Oi,  U.  When  the 
alcaline  and.earthy  benzoatea  are  heated  in  close  Teasels,  they 
yield  carbonates,  while  new  products  distil  over,  neb  as  bentone, 
bensole,  naphthaline,  dtc.  The  benzoate  of  peroxide  of  iron,  3 
Bi  0  -|-  Fei  Oi,  has  a  reddish  white  color,  and  is  insoluble.  Ben- 
zoic acid,  in  the  form  of  bensoate  of  ammonia,  is  therefore  some- 
times used  as  a  means  of  separating  peroxide  of  iron  from  some 
other  bases. 

But  its  use  requires  many  precautions,  and  it  is  quite  inappli* 
cable  if  alumina,  glucina,  yttria,  or  sirconia  be  present  Ben* 
zoate  of  silver,  Bz  O,  Ag  0,  is  sparingly  soluble,  and  when  formed 
in  hot  solutions  crystallizes  on  cooling. 

3.  Htdubet  of  Behzotle.    Ci>H«  0*  =  Bz  H. 

8rN.  Ettentitd  Oil  >jf  Bitter  Almtmdi.  —  When  tntter  ahnonda, 
after  being  macerated  with  water  for  a  day  or  two,  are  distilled 
with  the  water,  there  is  obtained  a  fragrant  oily  liquid,  heavier  than 
water,  whii^  contains,  besides  byduret  of  benzoyle,  benscnc  acid, 
hydroeyanlc  acid,  and  benzoine,  a  solid  compound  isomeric  with 
the  byduret  of  bensoyle.  To  purify  it,  this  oily  liquid  is  distilled 
along  with  a  mixture  of  protocbloride  of  iron  and  slacked  time, 
which  retain  the  two  acids,  and  the  bensoine  remaining  behind, 
tbe  pure  hydurel  passes  over. 
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It  18  a  colorless  transparent  liquid,  of  a  high  refractive  power. 
It  has  a  peculiar  and  very  powerful  smell,  and  it  is  on  this  account 
that  the  crude  oil  is  so  much  used  in  perfumery.  Its  odor  has 
been  compared  to  that  of  hydrocyanic  acid»  but  this  has  arisen 
from  the  fact  that  the  crude  oil  contains  both  :  for  on  comparing 
the  two,  no  similarity  can  be  perceived.  It  ought,  however,  to  be 
borne  in  mind  that  the  commercial  oil  is  highly  poisonous,  not 
only  because  it  contains  hydrocyanic  acid,  but  because  the  hydu- 
ret  of  benzoyle  is  poisonous.     Hydurct  of  benzoyle  boils  at  356°. 

When  exposed  to  the  air,  il  absorbs  2  eq.  of  oxygen,  and  is 
converted  into  pure  crystallized  benzoic  acid  :  Bz  H  +  Oa  =  Bz 
O,  H  O.  Heated  with  caustic  potash  in  close  vessels,  it  yields 
benzoatc  of  potash  and  hydrogen  gas,  which  is  disengaged  :  K  O, 
H  O  +  Bz  H  =  K  O,  Bz  O  +  H.  It  is  still  more  easily  converted 
into  benzoatc  of  potash  by  an  alcoholic  solution  of  potash  ;  the 
alcohol  here  swims  above  the  salt,  and  holds  in  solution  an  oily 
matter  not  yet  examined. 

When  hyduret  of  benzoyle  is  mixed  with  a  little  hydrocyanic 
acid,  and  placed  in  contact  with  aqua  potassse,  lime-water,  or 
baryta  water,  it  is  gradually  converted  into  the  solid  crystalline 
compound,  isomeric  with  itself,  which  is  called  benzoine.  When 
mixed  with  aqua  ammonise,  and  gently  heated,  it  produces  a  new 
compound,  hydrobenzamide.  With  chlorine  and  bromine,  if  dry, 
it  yields  chloride  and  bromide  of  benzoyle,  with  hydrochloric  and 
hydrobromic  acids  ;  if  water  be  present,  benzoic  acid  is  likewise 
formed,  part  of  which  combines  with  some  unchanged  hyduret  of 
benzoyle. 

3.  Chloride  (^  Benzoyle^  formed  by  the  action  of  dry  chlorine  on 
the  hyduret,  is  a  colorless  liquid,  of  a  strong  disagreeable  odor. 
It  is  formed  as  follows  :  Bz  H  =  Cla  =  Dz  CI  +  H  CI.  With  the 
alcalies  it  yields  benzoate  of  the  alcali,  and  chloride  of  the  metal  : 
BzCI  +  2K0  =  K0,  BzO  +  KCl.  With  dry  ammonia  it 
yields  benzamide  ;  with  alcohol  it  produces  benzoic  ether  and 
hydrochloric  acid  :  Ae  O,  H  O  +  Bz  CI  =  Ae  O,  Bz  0  +  H  CI. 
When  acted  on  by  metallic  bromides,  iodides,  sulphides,  or  cya- 
nides, it  produces  metallic  chlorides,  and  bromide,  iodide,  sul- 
phide or  cyanide  of  benzoyle.  The  bromide  of  benzoyle  is  a  crys- 
talline solid,  in  other  respects  analogous  to  the  chloride.  The 
iodide  and  sulphide  of  benzoyle  are  also  crystallizable  :  the  cyanide 
is  a  liquid  having  an  odor  like  that  of  cinnamon. 

4.  Benzamide.     Cu  N  Ht  Oa  =  Cu  Hs  Oa  -f  N  Ha  =  Bz  Ad. 

This  compound  is  formed  when  dry  ammonia  acts  on  chloride 
of  benzoyle,  Bz  CI  +  N  Ha,  H  =  Bz,  N  Ha  -f-  H  CI :  also  when 
hippuric  acid  (which  see)  is  boiled  with  peroxide  of  lead.  When 
prepared  from  the  chloride,  it  is  accompanied  by  sal  ammoniac, 
formed  by  the  hydrocUorie  acid  produced,  with  the  excess  of 
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Mnmonia.  This  is  removed  by  cold  water ;  and  the  benEamide, 
being  dissolved  in  hot  WBler,  crystallises  on  cooling.  It  forms 
fine  soft  nebdlea  or  pearly  sealee,  very  fusible  and  volatile.  like 
other  amidides,  it  yields  ammonia  when  boiled  with  alcalies,  while 
a  bensoate  is  formed. 

6.  FoBHOBSNzotLTc  Acin. 

This  compound  is  obtained  by  adding  to  distilled  water  some 
crude  oil  of  bitter  almonds,  winch  always  contains  hydrocyanic 
acid  (see  Amygdalim),  and  evaporating  to  dryness  along  with  some 
hydrochloric  acid.  From  the  dry  mass,  ether  dissolves  the  new 
acid,  wliich  it  deposits  as  a  crystalline  powder  by  evaporation. 
In  this  process,  the  hydrocyanic  acid,  under  the  influence  of 
hydrochloric  acid,  is  converted,  along  with  the  elements  of  wa(«r, 
into  formic  acid  and  ammonia.  The  latter  combines  with  the 
hydrocyanic  acid,  the  former  with  the  hydnret  of  ben^oyle,  yield- 
ing formobenzoilic  acid.  With  bases  this  acid  forms  salts,  in 
which  the  quantity  of  base  neutralized  is  exactly  that  which  would 
be  neutralized  by  the  formic  acid  alone.  Their  formula  is  M  O 
+  FoOs,BkH;  by  which  it  is  seen  that  the  hyduret  of  benzoyle 
has  entered  into  the  radical  of  the  acid,  without  altering  its  power 
of  saturation  ;  and  perhaps  the  rational  formula  of  the  acid  ought 
rather  to  be,  (Fo04,BzH)  +  H  ;  and  that  of  the  salts,  (F0O4, 
Bz  H)  +  M ;  which  exhibits  this  view  still  more  clearly. 

6.  Behzoate  of  Htdurft  of  Bbhzotle.  CoHiiOa  =BeO,H04- 
aBzH. 
■  This  compound  is  formed  when  moist  chlorine  is  passed  through 
the  oil  of  bitter  almonds.  Hydrated  bensoic  acid  is  formed,  which 
unites  with  the  unchanged  hyduret.  The  action  of  moist  chlorine 
in  producing  hydrated  benzoic  acid  is  as  follows  :  Bz  H  -}-  2  H  0 
+  CI.  =  2  H  CI  4-  Bz  O,  H  0.  The  new  compound  is  crystalline, 
insoluble  in  water,  soluble  in  alcohol  and  ether.  It  is  volatile 
without  decomposition.  An  alcoholic  solution  of  potash  dissolves 
it,  and  converts  it  into  benzoate  of  potash. 

7.  HiFFDBic  Acid.    Ci.N  Hi  O,  +  H  O. 

This  acid  is  found  in  very  considerable  quantity  in  llie  urine  ol 
herbivorous  animals,  such  as  the  horse  and  cow,  more  especially 
when  Btall-fed.  It  lias  also  been  lately  discovered  by  Liebig  in 
human  urine.  It  is  easily  obtained  by  evaporating  gently  to  a 
small  bulk  the  fresh  urine  of  the  horse  or  cow,  and  acidulating 
with  hydrochloric  acid.  On  standing,  the  liquid  deposits  brown 
crystals  of  hippnric  acid,  which  may  be  decolorized  by  a  little 
bleaching  liquor  and  hydrochloric  acid. 

The  pure  add  forms  pretty  large  semi-opaque,  four-sided 
prisms,  sparingly  soluble  in  cold  water,  very  soluble  in  hot  vsXa, 
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and  in  alcohol.  When  heated,  it  melts,  and  g^ives  off  benzoic  acid^ 
benzoate  of  ammonia,  and  an  oily  matter,  which  has  a  very  fra- 
grant odor  like  that  of  the  tonka  bean.  By  nitric  acid  it  is  con- 
yerted  into  benzoic  acid.*  Heated  with  peroxide  of  manganese 
and  sulphuric  acid,  it  yields  ammonia,  carbonic  acid,  and  benzoic 
acid  ;  boiled  with  peroxide  of  lead,  it  yields  benzamide  and  car- 
bonic acid. 

With  bases  it  forms  salts,  most  of  which  are  soluble  and 
crystallizable. 

Hippuric  acid  may  be  viewed  in  two  ways ;  first,  as  a  com- 
pound of  benzamide  with  an  acid,  C4  H  Oa  (fumaric  or  aconitic 
acid  ?)  and  it  is  remarkable  that  Schwarz,  who  has  lately  studied 
the  hippurates,  observed  a  very  great  similarity  to  the  fumarates ; 
as  if  the  hyduret  of  benzoyle  were  simply  taken  up  into  the  mole- 
cule of  these  salts,  without  much  affecting  their  properties ; 
secondly,  as  composed  of  hyduret  of  benzoyle,  hydrocyanic  acid, 
and  formic  acid.  Either  view  readily  accounts  for  its  easy  decom- 
position into  benzoic  acid  and  other  products.  As  an  ingredient 
of  the  urine,  this  acid  is  important ;  and  we  shall  hereafter  see 
that  benzoic  acid,  taken  into  the  system,  appears  in  the  urine  as 
hippuric  acid. 

Dessaignes  has  recently  shown,  that,  when  hippuric  acid  is 
boiled  with  stronger  acids  for  some  time,  it  is  decomposed,  and 
yields  benzoic  acid,  which  crystallizes  on  cooling ;  while  the 
mother  liquid,  on  farther  evaporation,  yields  fine  crystals  of  the 
salts  formed  by  the  combination  of  sugar  of  gelatine  (see  Oela- 
tine),  with  the  acid  employed.  In  fact,  sugar  of  gelatine,  accord- 
ing to  Dessaignes,  is  a  basis  quite  analogous  to  urea ;  and  its 
salts,  with  the  mineral  acids,  form  double  salts,  and  appear  to  act 
as  acids,  which  is  also  the  case  with  urea.     If  to 

Hippuric  acid, CisNaHoOs 

We  add  2  eq.  water,      Ha  Oa 


CisNaHiiOs 
And  from  the  sum  deduct  1  eq.  hydrated  benzoic  acid,  Cu       H«  O4 


There  remains, €<  Na  Hs  O4 

And  this  is  the  formula  which  (^erhardt  has  recently  proposed 
for  sugar  of  gelatine.  Whether  this  formula,  however,  or  those 
of  Mulder  and  Boussingault,  be  preferable,  it  is  certain  that  the 
salts,  obtained  as  above,  by  Dessaignes,  with  nitric,  hydrochloric, 

•  M  BntTAOif INI  has  lately  aacertaiiMd,  that  if  nitro-benxoio  acid  be  taken 
into  the  stomach,  it  passes  into  the  urine  in  the  form  of  a  new  acid,  the 
nitro-hippuric  CisNs  Hs  Om.  This  acid  may  also  be  obtained  by  acting  oa 
hippuric  acid  with  a  mixture  of  fuming  nitric  and  sulphuric  acids.  When 
it  is  heated  with  hydrochlorio  acid,  it  is  resolved  into  OlycoeoU  and  nitro- 
benxoic  acids.  0, 
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and  atilpliarie  adds,  on  mt  distiiigituhftble  from  thoae  msde  with 
sugar  of  gelatine  prepared  from  gelatine.  Horeorer,  the  niRKr 
itself,  separated  from  uieK  salts,  was  found  identical  in  propertiee 
with  that  from  gelatine.  The  analfsia  of  the  sugar  produced  hy 
the  new  method,  which  seems  to  be  very  pure,  will  no  doubt  set- 
tle the  question  as  to  the  tnte  formula  of  sugar  of  gelatine. 

pBODDcrs  or  ihz  DKooiiPoernoN  of  the  coKPonBDs  of 


1.  Htfoshlphobeszoic  Acid.     CitH*  0]-|-Si  Os3H+0. 

A  bibasic  acid.  Formed  wheD  anhydrous  sulphuric  acid  acts 
on  crystalliied  bensoic  acid,  CiiHt  Oi,  HO  +  2SOs  >=  C>iH« 
Oj  +  8j  Oi  +  2  H  O.  The  acid  is  soluble  and  crysUlliiable, 
and  forms  with  baryta  a  soluble  and  crystal lixable  anlt,  from  which 
Uie  acid  may  be  obtained  by  the  action  of  sulphuric  acid.  It  forms 
two  series  of  salts,  one  with  9  eq.  of  fixed  base,  the  other  with  1 
eq.  of  fixed  base  and  1  eq.  of  water. 

a.  Bbomobenzoic  Acid.  Ca  H*  Br  Oi  4-  3  H  O. 
A  bibasic  acid.  When  the  vspor  of  bromine  is  allowed  to  Bet 
on  benzoate  of  silver  at  the  ordinary  temperature,  there  is  produced 
this  acid,  along  with  bromide  of  silver  and  hydrobromic  acid,  t 
eq.  of  benzoate  of  silver  and  4  eq.  of  bromine  yield  1  eq.  bromo- 
benzoic  acid,  1  eq.  hydrobromic  acid,  and  2  eq.  bromide  of  silver. 
8(C«H.  Oi  AgO)  +Br.  =  C«.H.  Br  0.  +  H  Br+ 2  Ag  Br. 
Ether  dissolves  the  acid  and  deposits  it  on  evaporation,  in  a  con- 
fused mass  of  crystals,  very  sparingly  soluble  in  water.  When 
the  acid  crystallizes,  it  takes  up  2  eq.  of  water.  With  bases  it 
forms  salts,  which  are  generally  soluble  and  crystalliEahle.  Their 
general  formula  is  G»Hi  BrOi,2  MO. 

3.  Bbnzole.  CiiH*. 
Stn.  Benzine,  Bemint.  Pkine.  —  Occurs  in  the  volatile  liq- 
uids condensed  from  oil  gas ;  but  is  best  obtained  in  a  state  of 
purity  by  distilling  1  part  of  crystallized  bensoic  acid  with  3  of 
alakra  lime.  It  is  a  limpid,  colorless  liquid,  of  on  agreeable 
etherial  odor.  lie  Sp.  0.  is  0-8fi ;  it  boils  at  186°,  and  at  32°  it 
becomes  solid.  It  is  insoluble  in  water,  soluble  in  alcohol  and 
ether.  In  its  formation,  1  eq.  of  benuno  acid  yields  2  eq.  car- 
bonic acid  and  1  eq.  benzole,  the  carbonic  acid  uniting  with  the 
lime,  ChHi  0,,UO  =  Ci>H<-|-ZCO«. 

,  4.  Sidpht)bmgide,Ctt'a.%^Oa.  —  When  anhydrous  sutpburie 
acid  acts  on  benzole,  a  viscid  moss  is  formed,  from  which,  by  the 
addition  of  water,  is  separated  a  new  compound,  wtiich  may  be 
dissolved  and  crystalluted  by  means  of  ether.  Cn  Hi  +  S  Oa  = 
H  0  -H  Cu  Hi ,  S  Oi .     Snlphobenzide  is  quite  neutral. 
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6.  Bypostdphobemidic  Acid.  —  This  acid  is  found  in  the  liquid 
from  which  the  preceding  compound  has  been  deposited.  Its 
formula  is  C12  H5,  Sa  Os,  +  O.  It  may  be  viewed  as  formed  by 
the  action  of  2  eq.  of  dry  sulphuric  acid  on  1  eq.  of  benzole,  Cit 
H«  +  2  S  Os  =  CwHs,  SaOd,  H  O  ;  or  as  formed  by  the  conn- 
bination  of  sulphobenzide  with  oil  of  vitriol,  CisHs,  SOs  +  H  O, 
SO3.  Either  view  readily  explains  its  formation.  The  acid  is 
best  obtained  pure  from  its  salt  with  oxide  of  copper  (which  cry- 
stallizes very  easily,)  by  the  action  of  sulphuretted  hydrogen.  It 
is  very  soluble,  and  may  be  crystallized.  It  has  a  very  acid  taste, 
and  neutralizes  bases,  forming  crystal lizable  salts. 

6.  Mirobemide,  C12H5NO4.  SrN.  NUrobenzde.  —  Formed 
when  benzole  is  dissolved  to  saturation  in  fuming  nitric  acid,  and 
water  added  to  the  hot  solution.  On  cooling,  the  nitrobenzide  falls 
to  the  bottom  as  a  heavy  oil.  It  is,  at  60®,  a  yellow  liquid,  very 
sweet  to  the  taste,  with  an  odor  like  that  of  cinnamon  ;  it  boils  at 
434'',  and  solidifies  at  37''.  Its  Sp.  G.  is  1*209.  It  is  insoluble 
in  water,  soluble  in  alcohol  and  ether.  It  is  formed  from  1  eq. 
benzole  and  1  eq.  nitric  acid,  CtiHe  +NO5  =H0  +  C12H5, 
NO4. 

By  the  action  of  reducing  agents,  such  as  sulphuretted  hydro- 
gen, nitrobenzide  loses  the  whole  of  its  oxygen,  and,  taking  up 
2  eq.  of  hydrogen,  it  is  transformed  into  aniline,  CuNH?.  (See 
AnUine.)     Nitrobenzide  may  be  viewed  as  benzole,  CiaNHe.  in 

which  1  eq.  hydrogen  is  replaced  by  nitrous  acid,  C12  ^^'^  f 
while  in  aniline  this  eq.  of  hydrogen  is  replaced  by  amide ;  Cts 
Ht  N  =  C12  i^Vr  f  .  By  the  further  action  of  nitric  acid,  nitro- 
benzide is  converted  into  dinitrobenzol,  C12H4N9  0«  =  Cu 
in  which  a  second  eq.  of  hydrogen  is  replaced  by  nitrous 
*his  compound,  acted  on  by  hydrosulphide  of  ammonia, 
yields  nitroaniline,  a  base,  the  formula  of  which  is  Cm  ^^V.   [■  N, 

corresponding  to  aniline  C12  H?  N. 

7.  Azobenzidef  C.2  Hs  N.  —  This  compound  is  formed  when  an 
alcoholic  solution  of  nitrobenzide  is  distilled  with  dry  hydrate  of 
potash.  A.fter  the  alcohol  has  distilled,  the  azobenzide  volatilixes, 
forming  large  red  crystals,  fusible  at  ISO'',  boiling  at  380''.  In 
the  production  of  this  compound  alcohol  takes  a  part,  and  there  are 
formed,  besides  azobenzide,  aniline,  water,  and  oxalic  acid,  which 
remains  combined  with  the  potash:  2  (Ct2H9  NO*)  +  C4  H« 
0>  =  C12H5  N-^  CuHtN-I-  Ca  O3  +3H  O. 

8.  Chloride  of  benzole,  Cis  Ho  CU.  —  Formed  when  chlorine  gas 
and  benzole  are  exposed  to  the  sun's  rays.  It  is  a  colcnrkss 
crystalline  solid. 


^*        tir 
2N04£  " 

acid.     Thij 


9.  CMorobervnm,  CuHj  CI3. — Obtaioed  b;  distilling  the  pre- 
ceding compound  with  hydrate  or  lime,  as  a  colorless  oily  liquid. 
BromuLe  forms  with  benzole  analogous  compounds. 

10.  Benzone.  C11H1  O. 
One  of  the  products  of  the  distillation  of  neutral  benzoate  of 
lime.  When  purified  from  bensole  and  naphthaline,  it  is  an  oily 
viscid  colorless  liquid,  heavier  than  water.  It  difiera  from  1  eq.  of 
anhydrous  benzoic  acid  by  1  eq.  of  carbonic  acid.  Cm  H*  Oj  = 
Ci»H.  0  +  COj. 

11.   HrDBOBERZAlIinE.      CuIIiiNi. 

When  1  vol.  byduret  of  benzoyle  and  SO  vol.  of  strong  aqua 
ammonicQ  are  exposed  in  an  hermetically  sealed  vessel  to  a  tem- 
perature of  from  105°  to  120°,  it  is  converted  after  a  time  into  a 
crystalline  mass,  which  is  to  he  washed  with  ether.  The  residue 
dissolved  in  alcohol,  yields,  by  spontaneous  evaporation,  regular 
crystals  of  hydrobenz amide.  In  its  formation,  3  eq.  byduret  of 
beniole,  and  2  eq.  ammonia,  produce  1  eq.  hydrobenzamide  and 
6eq.  water:  3{CmH.  0j)  +  2NH,  =CaH..N,  +  6H0.  If, 
in  preparing  this  substance,  we  employ  the  crude  oil  of  bitter  alm- 
onds, we  obtain  a  yellow  resinous  mass,  which  is  a  mixture  of 
hydrobenzamide,  benzbydramide,  azobenzoyle,  and  azotide  of  ben- 
Kiyle,  all  of  them  discovered  by  Laurent. 

IZ.  Bemhydramide.  —  Is  isomeric  with  hydrobenzamide,  but  is 
not  converted,  like  the  former,  into  byduret  of  benzoyle  and  sal 
ammoniac  by  Ibe  action  of  hydrochloric  acid. 

13.  Azobenzoyle,  CoHiiNi.  —  Is  much  less  soluble  in  alcohol 
than  the  preceding.  It  is  derived  from  benzoyle  as  follows :  3 
(ChH,  0.)  +  2NHj  =  C«H.»N.  +6  HO. 

14.  Atctids  of  Bentoylt,  C»  Hi  N  —  Is  quite  insoluble  in  bal- 
ing aleobol.  It  may  be  derived  from  anhydrous  benzoic  acid  a* 
foSowa:  CuHiOj+NHj=CiiH.N-h3HO. 

]&.  Bexzostilbibk.  CaiHiiOi. 
Kochleder  has  shown  that  when  hydrobenzamide  is  heated  with 
fused  potash,  till  the  mass  begins  to  blacken,  three  new  substances 
are  formed ;  namely,  a  yellow  oil  in  very  smalt  quantity,  and  two 
■olid  crystalline  compounds,  benzostilbiae  and  bensolone.  Ben- 
sostilbine  is  best  obtained  by  beating  only  till  the  mass  becomes 
like  gamboge.  It  is  then  purified  bif  solution  in  alcohol,  which 
dissolves  it  readily  when  the  yellow  oil  is  present.  When  the  oil 
is  destroved  by  a  little  chlorine,  the  benzostilbine  is  immediately 
deposited  in  small  colorless  crystals  of  silvery  lustre,  which  are 
insoluble  in  water,  sparingly  soluble  in  alcohol,  and  soluble  with 
a  blood-red  color  in  ml  of  vibiol,  from  which  water  precipitates  it 
unchanged. 
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16.  Benzolome.     Cn  H4  O. 

This  compound  is  formed  in  greatest  quantity  when  the  mixture 
of  hydrobenzamide  with  potash  is  heated  till  it  becomes  blacki*"!! 
brown.  The  mass  is  then  washed  with  water,  and  dissolved  in  oil 
of  vitriol,  to  which  it  gives  a  splendid  red  color.  The  addition  of 
weak  alcohol  now  causes  the  benzolone  to  separate  in  small  crystals. 

It  is  obvious  that  the  two  preceding  compounds  contain  the 
whole  carbon  of  the  hydrobenzamide,  without  any  of  its  nitrogeD, 
and  they  may  both  be  derived  from  it  by  the  addition  of  3  eq.  of 
water  and  the  elimination  of  2  eq.  ammonia, 

1  eq.  hydrobenzamide CUsHisNa 

3  eq.  water H3  Os 

C4>  H21  Ni  Os 

may  yield 

1  eq.  benzostilbine Csi  Hn        Oi 

1  eq.  benzolone      Cii  4H       O 

a  eq.  ammonia H4  Ni 

CUsHiiNiOs 

It  would  appear,  however,  that  benzolone  is  also  formed  from 
benzostilbine,  which  is  first  produced,  and  then  decomposed  by 
the  increased  heat.  Benzostilbine  in  fact  contains  the  elements  of 
2  eq.  benzolone,  with  an  excess  of  carbon  and  hydrogen,  which 
are  partly  given  off  in  the  form  of  carburetted  hydrogen,  and 
hydrogen,  water  also  being  decomposed;  the  oxygen  of  which 
combines  with  part  of  the  carbon  to  form  carbonic  add,  which 
combines  with  the  potash. 

15.  Amarinb.    C42HisNa. 

When  the  hyduret  of  benzoyle,  or  rather,  the  oil  of  bitter 
almonds,  is  acted  on  by  ammoma  and  alcohol,  there  is  found  an 
organic  base,  to  which  Laurent,  its  discoverer,  has  given  the  name 
of  amarine.  Its  formula  is  CiaHi8N9,and  it  is,  therefore,  iso- 
meric, or  polymeric,  with  hydrobenzamide.  It  is  a  well-marked 
base,  and  we  shall  return  to  it  as  such. 

16.   LOFHINE.      C4SHmN3. 

When  hydrobenzamide  is  subjected  to  the  action  of  heat  in  cloie 
vessels,  there  is  formed,  among  other  products,  a  new  organic  baae* 
which  Laurent  has  named  lophine.  It  has  distinct  basic  proper- 
ties, and  will  be  again  referred  to  in  the  section  on  organic  bases. 
Its  formula  is  C^s  Hie  N3 . 

The  formation  of  this  and  of  the  preceding  compound  is  yeir 
interesting,  as  proving  the  derivation  of  bodies  having  the  high 
atomic  weight  of  the  organic  bases  from  bodies  of  lower  equivalants; 
these  bodies,  as  well  as  the  isomeric  hydrobenxamide  and  bent- 
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hydntmido,  being  nil  derived  from  the  hyduret  of  beuEoyle,  Ch 
H«  Oi .  There  may  be  some  doubt  u  to  the  atomic  weight  of 
indifferent  bodies,  such  as  hydrobeniamide ;  but  there  is  hardly 
any  as  to  that  of  the  bases  above  mentioned,  which  are  evidently 
formed  by  the  coalescence  of  3  or  more  eq.  of  the  hyduret  of 
bemoyle,  since  1  eq.  contains  42  or  46  eq.  of  carbon,  while  the 
hyduret  only  contains  14  eq.  of  that  element. 

17.  Behzimide.  C<iNHii04. 
According  to  Laurent,  this  compound  is  found  in  the  orud«  oil 
of  bitter  almonds.  It  is  crystalliiahle,  and  appears  to  be  decom- 
posed by  acids  into  benzoic  acid  and  ammonia.  It  may  be  derived 
from  anhydrous  bibenioste  of  ammonia  by  the  separation  of  2  eq. 
water:  6,  H,o  0.  +  N  Hs  =  C»  H.i  N  0.  +  2  H  0.  But  thw 
is  not  probable.  A  compound  precisely  similar  is  obtained 
when  an  alcoholic  solutioQ  of  potash  is  added  to  a  mixture  of 
hyduret  of  benzoyle  and  strong  nydrocyanio  acid ;  but  this  com- 
pound yields  with  acids  ammonia  and  hyduret  of  benzoyle. 

IS.  Berzoiub.     CnH»Oi. 

Polymeric  with  hyduret  of  bensoyle.  It  is  formed  when  an 
alcoholic  solution  of  potash,  or  sulphide  or  cyanide  of  potassium, 
act  on  the  crude  ml  of  bitter  almonds,  containing  hydrocyanio 
acid.  It  senarates  in  a  congeries  of  small  crystals,  insoluble  in 
wat£r,  soluble  in  alcohol.  It  may  be  volatilized  without  change. 
Salphuric  acid  dissolves  it  with  a  violet  color.  Hydrate  of  potadi, 
melted  with  it,  forms  bensoate  of  potash,  with  disengagement  of 
hydrogen.  It  dissolves  with  a  violet  color  in  a  hot  alcoholic  solu- 
tion of  potash,  and  is  converted  by  boiling  with  it,  into  beniUio 
add.  When  its  vapor  is  passed  through  a  red-hot  tube,  it  is  con- 
verted into  hyduret  of  benaoyle,  or  at  least  into  an  oil  smelling  1ik« 
that  compound,  and  passing  into  benzoic  acid  on  exposure  to  the 
air.  By  the  action  of  chlorine,  it  loses  hydrogen  and  is  converted 
into  benzile,  a  compound  having  the  composition  of  the  radical 
bensoyle. 

The  action  of  hydrocyanic  acid  in  promoting  the  formation  of 
benzoine,  is  not  yet  expliuned  ;  but  it  is  certain  that  from  pun 
hyduret  of  bentoyle  we  cannot  procure  it,  while  the  addition  of 
hydrocyanic  acid  insures  its  formation.  It  is,  probably  formed  by 
the  simple  coalescence  of  2  eq.  byduret  of  benaoyle,  and  the 
derivatives  of  benzoine  most  likely  agree  with  it  in  containing  28 
eq.  of  carbon. 

19.  HYDBOBEazoiiAnniB. 

SvN  BtmoinamitU.  —  Isomeric,  or  polymeric  with  hydroben- 
iamide. It  is  formed  by  exposing  a  mixture  of  benzoine  and 
ammonia  to  a  moderate  heat ;  and  appears  aa  a  wbtte  taatelen 
powder,  volaUte  without  decompo»don. 
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20.  BsHZOiMAM.     CseNa  HhOs. 

When  a  mixture  of  ammonia,  alcohol,  and  benzoine,  is  left  for 
several  months  in  a  closed  bottle,  there  are  formed  many  products, 
among  which  are  the  preceding  compound,  benzoinamide,  and  a 
new  substance,  bcnzoinam,  which  is  with  difficulty  purified.  It 
forms  small  white  needles,  the  formula  of  which  is  CsaNa  HmOs. 
It  is  evidently  formed  by  the  coalescence  of  2  eq.  benzoine,  (itself 
produced  by  the  coalescence  of  2  eq.  hyduret  of  benzoyle)  while 
ammonia  is  taken  up  and  water  separated.  Thus,  2  eq.  benzoine 
=C56  H24  Ob,  plus  2  eq.  ammonia  Na  H0,  and  minus  6  eq.  water 
H0  Oe,  are  equal  to  CeaNs  Ha4  Oa. 

Benzoinam  dissolves  in  acids,  and  is  precipitated  by  alcalies ;  it 
seems,  therefore,  to  have  the  characters  of  a  weak  base. 

21.  Bemzile.     C28H10O4. 

Stn.  Bemoyle.  —  It  is  formed  by  the  action  of  chlorine  gas  on 
melted  benzoine.  When  cold  the  mass  is  boiled  with  alcohol, 
which  on  cooling  deposits  benzile  in  crystals,  which  are  yellow  six- 
sided  prisms ;  msoluble  in  water,  soluble  in  alcohol  and  ether, 
melting  at  195°  and  volatile  without  decomposition.  An  alcoholic 
solution  of  potash  dissolves  it  with  a  violet  color,  and  converts  it 
into  benzilic  acid.  Benzile  has  the  composition  in  100  parts  of 
the  supposed  radical  benzoyle,  but  there  is  good  reason  to  believe 
its  equivalent  to  be  twice  as  high. 

22.  Benzilic  Acid.     CssHu  Os  -f-  H  O. 

Formed  when  benzile  or  benzoine  is  dissolved  in  a  hot  alcoholio 
solution  of  potash,  and  boiled  until  the  violet  color  at  first  produced 
has  disappeared,  and  is  no  longer  restored  by  a  fresh  portion  of 
potash.  To  the  boiling  solution  of  benzilate  of  potash  hydrochlo- 
ric acid  is  added  in  excess,  and  on  cooling  the  benzilic  acid  is  de- 
posited in  colorless  brilliant  crystals,  fusible  at  248°,  not  volatile, 
but  yielding,  when  heated,  benzoic  acid  and  purple  vapors.  Sul- 
phuric acid  dissolves  it  with  a  bright  crimson  color.  Its  formation 
18  explained  as  follows :  1  eq.  of  benzile  takes  up  2  eq.  water, 
one  of  which  is  incorporated  in  the  acid  ,*  while  the  other  is 
replaceable  by  bases  :  C«Hio  O*  +  2  H  O  =  Cis  Hn  O*  H-  H  0. 
Benzilate  of  potash  forms  large  transparent  crystals,  soluble  in 
water  and  alcohol. 

23.  Azobemoide  —  Cm  H»  N5  ?  Obtained  by  adding  ammonia 
to  the  the  oil  produced  when  bitter  almonds  are  distilled,  per  des- 
censum,  and  dissolving  away  by  means  of  ether,  all  other  products. 
A  white  powder,  decomposed  by  heat.     Its  formula  is  doubtful. 

*  24.  Cyanobemile,  —  I^ormed  when  an  alcoholic  solution  of  ben- 
sile  is  warmed  with  ^  of  its  volume  of  concentrated  hydrocyanic 
acid.  It  is  deposited  in  large  transparent  crystals,  the  compositioii 
of  which  is  not  yet  known. 
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HiDiTBaT  OP  Bai.nicaKissvu>  CwHi  Si,H> 
One  vol.  of  erode  essence  of  lutter  sinionds  is  dissolved  in  8  or  10 
of  alcobol,  and  gradually  mixed  yn&  1  vol.  of  hydroaulphide  of 
ammonia.  After  a  time,  the  mixture  deposits  n  fine  white  powder 
formed  of  gruiiB  smaller  than  those  of  starch,  which  give  to  the 
fineers  a  rerj  persistent  odor  of  garlic.  It  is  insoluble  in  water 
and  alcohol.  Ether  liquefies  it,  but  a  few  drops  of  alcohol  restores 
its  solid  form.  It  may  be  considered  as  the  hydnret  of  a  new 
radical,  in  which  the  ojygen  of  benioyle  has  been  replaced  by 
sulphur.  When  heated  it  melts,  and  if  now  allowed  to  cool,  foima 
first  a  transparent  plastic  mass,  and  afterward  a  brittle  glass.  If 
kept  melted  for  some  lime,  it  crystalliEes  but  is  now  altered. 
36.  8TIL4EHB.  CaHii. 
When  the  preceding  compound  is  strongly  heated,  it  nves  off  a 
large  quantity  of  sulphuretted  hydrogen,  and  a  little  of  a  liquid, 
apparently  bisulphide  of  carbon.  Continning  the  heat,  there  distil 
over,  first  a  Substance  crystallizing  in  pearly  scales,  sdlbene  ;  and 
later,  a  compound,  crystallizing  in  needles,  called  by  Laurent,  the 
discoverer,  sulphessale.  -  To  obtain  tbe  stilbene  pure,  the  first 
crystals  are  dissolved  in  boiling  alcohol,  which  leaves  undissolved 
the  other  body,  and  on  cooling  deposits  sUlbene  in  tables.  These 
being  dissolved  in  hot  ether,  form,  by  slow  evaporation,  remarkably 
fine  crystals,  with  the  pearly  lustre  of  stilbite :  hence  ike  name.  It 
is  fusible  and  volatile,  and  combines  with  chlorine  and  bromine. 
Nitric  acid  decompoees  it,  giving  rise  to  several  new  product*. 
Chromic  acid  attacks  it  wiUi  violence,  and  reproduces  hydnret  of 
bensoyle. 

Chloride  of  SlUbttu — la  formed  when  chlorine  is  passed  throng^ 
melted  stilbene.  It  appears  in  two  isomeric  moditacations,  a  and 
b,  both  of  which  have  the  formula  CnHia,  Cls,  but  crystallises  in 
different  forms.  By  the  action  of  a  bcnUng  alcoholic  solution  of 
potash,  each  loses  1  eq.  of  hydrochloric  acid  (or  its  elements),  and 
thus  they  produce  two  isomeric  modificatiouB  of  a  new  componnd 
Ca  \  Q."  which  Laurent  calls  chloslilbase  ;  and  in  which  1  eq.  of 

hydrogen  of  stilbene  ia  replaced  by  chlorine.  One  of  these  is 
called  chlostilbase  a,  tbe  other  chlostilbase  b.  Both  are  oiiv 
liquids,  but  they  are  distingubhed  by  the  action  of  bromine,  which 
combines  with  both,  producing  again  two  isomeric  compounds,  both 
crystal  lisable,  but  in  entirely  di&rent  forms.  Their  formulte  are, 
aCo  I^J'+Bri  andJCsi  |^j"+Br.. 

Along  with  chloride  of  stilbene  is  formed  another  compound, 
chloride  of  chlostilbase,  analogous  to  these  bromides  of  cnlostil- 
base.    It  b  B  crystal lizablc  solid ;  formula.  Cm  \  f«+  Cli . 
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Bromide  combines  witb  etilbene,  forming  tbe  bromide  of  Btitbene, 
Cn  Hii,  Bri.  which  is  a  while  powder. 

When  BtilbeDe  is  boiled  with  nitric  acid,  il  forms  several  com- 
pounds not  yet  fully  examined.  Among  tliese  are  nitrosltibase, 
nitrostilb^sc,  and  nilroslilbio  acid.  Tbe  latter  accordiog  to  Laureat, 
isCnHnXOu. 

27.  ifydurtt  of  SiUphaKibtnzot/k,  (Cm  Hi  ^Ni  }  H,  or  rather 
Cm  Ha  St  Nt  —  Is  generally  formed  along  with  hyduret  of  snlpbo- 
bensoyle.  It  seems  to  be  hyduret  of  bemoyle,  in  which  the  2  eq. 
(nygen  of  the  benioyle  are  replaced  partly  by  sulphur,  partly  by 
nitrogen.  Besides  these  compounds,  Laurent  has  described  a 
hydroenlphide  of  azobenzoyle,  with  the  strange  formula  C<i  H* 
NS).  Ought  it  not  rather  to  be  Cu  Hg  SN,  or  Cm  HmS.  Nj? 
38.  Nitbdbehzoic  Acid.'  CuHtNOi.HO. 

Formed  when  nitric  acid  acts  on  benioic  acid.  It  is  a  crystalline 
TolaUle  acid,  and  contains  the  elements  of  benzoic  acid,  in  which 
1  eq.  hypouitric  or  nitrous  acid  has  been  substituted  for  1  eq. 
hydrogen:   CuHi  0,  — H +  N0.  =Cm  j  JJj^O*  ;  — and  the 

bouc  water  of  the  bcoKUC  acid  unites  with  the  new  acid  as  with 
the  old. 

29.  BaOHlDE  OF  Bekzole.  CnHaBr*. 
This  compound  Is  formed  as  a  white  insoluble  powder,  when 
bromine  sets  on  bencole.  An  alcoholic  soluljon  of  potaah  removes 
hydrobromic  ucid  (or  its  elements),  and  causes  the  separation  of  a 
white  crystalline  body,  Cii  ■!  „  which  Laurent  calls  bromobcD- 
nnise ;  and  which  is  fbrtned  by  subsdtutioQ  of  bromine  for  half 
the  hydro^n  of  beniole.  The  bromide  of  beoiole  may,  therefore, 
be  Cu  j  g^'^+3HBr. 

30.  Sfdroeyanalt  ff  Btraoint,  CnNi  HiiO*  — Is  Eormed  as  ■ 
light  crystalline  matter,  when  oil  of  bitter  almonds  is  mixed  with 
one  fourth  its  volume  of  dry  hydrocyanic  acid,  and  warmed  with 
its  own  volume  of  aqua  potasssa,  Sp.  O.  I'25,  diluted  with  nx  porta 
of  alcohol.  It  arises  from  the  action  of  3  eq.  hyduret  of  benioyle 
and  8eq.  livdrocyanic  acid:  3  {C«H.  0.)  +  «  {Ci  NH)  =  O 
N,,HiO.  4- 8  HO. 

3\.  Bgdrocyanali  ^  BetMie,  CuHi  Oi -f- C>  NH  =  CmNH* 
Os  —  I*  formed  by  direct  combination  when  a  hot  alooholie  •oln- 
tion  of  benzile  is  mixed  with  an  equal  bulk  of  anhydrous  hydro- 
cyanic acid.  It  forms  lar^  colorless  crystals.  Possibly  the  body 
called  cyanobraiile  mentioned  above.  No.  24,  may  be  identical 
with  this  compound. 

The  above  la  but  a  brief  snd  imperfect  notice  of  the  numerous 
compounds  which  have  been  obtained  from  oil  of  bitter  almonds  hj 
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the  rartons  transformBtions  and  deeompoeitions  above  mentioned. 
Probably  no  substance  has  yielded  bo  rich  ft  harvest  of  diacoveiy 
aa  this  remarkable  oil,  and  for  our  knowledge  of  the  new  prodacta 
we  are  indebted  U>  Liebig  and  WJhler,  Mitsclierlioh,  Zinin,  Hoch- 
leder,  but  above  all,  to  Laurent,  who  has  discovered  by  far  the 
greater  part  of  ihem.  Unfortunately,  the  very  able  reBcarchea  of 
Uiis  indefatigable  chemist  are  scattered  in  several  different  jour- 
nals, many  of  tliem  published  at  long  intervals  of  time,  and  have 
nowhere  been  collected  or  exhibited  to  the  world  in  a  connected 
form.  I  have  not  been  able  to  consult  nearlv  all  of  the  original 
papers,  the  references  to  which  are  very  unsatisfactory  ;  and  I  am 
consequently  compelled  to  rest  sa^sfiea  with  the  imperiect  notices  ' 
which  I  could  find.  The  above  list  does  not,  I  believe,  contain 
even  the  names  of  several  compounds  belonging  to  this  serial, 
recently  described  by  Laurent,  of  which  I  can  procure  no  disdnet 
account.  The  reader  is  therefore,  of  necessity,  referred  for  the 
details  of  these  remarkable  investigations  to  the  ori^nal  memoirs 
which  are  to  be  found  in  the  Aniudei  de  Chfmtt  el  de  Physique, 
and  the  Jourrud  d»  Phaimaeit,  besides  several  other  French 
journals. 

The  study  of  these  compounds  has  shed  great  light,  and  will,  in 
future,  shed  much  more,  on  the  origin  of  the  more  complex  organie 
molecules.  In  several  instances,  we  see  2  or  S^eq.  of  hyduret  of 
benzoyle  coalescing  to  yield  1  eq.  of  a  new  and  more  complex  sub- 
stance, either  with  or  without  a  change  in  the  relative  proportion 
of  oxygen  and  liydrwen,  and  with  or  without  tlte  addition  of  nitro- 
gen. According  to  Laurent,  compounds  exist  in  which  4,  6,  and 
even  9  eq.  of  the  hyduret  have  coalesced. 

It  was  mentioned,  in  a  former  part  of  this  work,  that  our  power 
of  artificially  forming  bodies  which  occur  as  products  of  organie 
life,  was  limited  chieQy  to  the  decomposition  or  splitting  up  of 
complex  moleoules,  such  as  those  of  sogor,  solieine,  um  aoid,  or 
fi brine,  into  less  complex  molecules. 

But,  although  this  is  still  true  of  the  actual  products  of  organio 
life  which  have  been  imitated  in  tbe  laboratory,  the  facts  above 
described,  show,  that,  under  oertotn  oiroumatnnces,  we  can,  from 
the  less  complex  molecules,  build  up  more  complex  ones,  so  oa  to 
produce  if  not  the  actual  products  of  organic  life,  yet  substances, 
entirely  analogous  to  them,  and  equally  complex. 

Thus,  the  artificial  bases,  amarine,  tophine,  and  benzoiuam,  have 
equivalents  as  high  as  those  of  Che  vegetable  alcalies,  morphia  and 
quinine  ;  and  we  have  almost  demonstrative  evidence  that  these 
three  compounds  arise  from  tbe  reverse  process  to  that  which 
yields  urea,  formic,  oxalic,  and  salicylic  acids.  The  latter  are 
obtained  by  processes  of  oxidation,  which  tend  to  split  up  the  more 
complex  molecules  into  less  complex  ones  :  the  former  are,  on  the 
contrary,  bnilt  up  out  of  the  leas  complex  moleoules,  by  proceasea 
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of  reduction.     There  are  other  cases,  of  recent  discovery,  which 
establish  the  same  principle. 

Now  we  know,  that  the  distinguishing  feature  of  vegetable  life  is 
the  power  of  reduction  possessed  by  plants,  which  easily  deprive 
carbonic  acid  of  its  oxygen,  an  operation  requiring  a  prodigious 
chemical  force. 

We  are,  therefore,  warranted  in  concluding  that  we  shall,  in 
time,  succeed,  by  means  of  the  various  processes  of  reduction 
known  to  chemists,  (and  possibly  of  new  methods  also),  in  pro- 
ducing, for  example,  the  vegetable  alcalies,  morphine,  quinine, 
and  strychnine. 

This  consideration  gives  to  the  compounds  of  the  benzoyle  series, 
and  their  derivatives,  a  high  degree  of  interest,  far  surpassing  that 
which  would  attach  to  them  as  a  mere  list  of  new  compounds,  each 
possessing  a  distinct  compo^don  and  distinct  properties. 

AFFKNDIX   TO  BENZOTLE, 

1.  Amtgdaline.     CMNHirOn. 

Is  found  in  bitter  almonds,  in  the  leaves  of  the  cherry  laurel, 
and  probably  in  the  kernels  of  all  the  bitter  species  of  amygdalus 
and  prunus,  as  the  peach  and  plum.  To  obtain  it,  bitter  almonds 
are  pounded  and  forcibly  pressed  between  warm  iron  plates  to 
remove  the  fat  oil  (oil  of  almonds).  The  marc  or  residue  is  boiled 
with  alcohol  of  94  per  cent.,  and  the  tinctures  distilled  oflf  in  the 
water-bath  to  the  consistence  of  syrup.  This  liquid,  which  con- 
tains amygdaline  and  sugar,  is  diluted  with  water,  mixed  with 
yeast,  and  set  aside.  When  the  fermentation  is  over,  the  whole  is 
filtered,  and  again  evaporated  to  a  syrup,  which  being  mixed  with 
a  large  excess  of  cold  alcohol  (of  94  per  cent.)  deposits  the 
amygdaline  as  a  white  crystalline  powder.  This  is  pressed  in 
folds  of  bibulous  paper,  and  finally  purified  by  repeated  crystal- 
lization from  boihng  alcohol.  It  forms  crystalline  scales  very 
soluble  in  water,  very  sparingly  soluble  in  cold  alcohol,  but  more 
soluble  in  hot  alcohol.  It  has  a  bitter  taste.  When  heated  it 
emits  an  odor  like  that  of  May  blossom,  and  leaves  a  bulky  coal. 

When  distilled  with  nitric  acid,  or  other  oxidizing  agents,  it  is 
resolved  into  ammonia,  hyduret  of  benzoyle,  benzmc  acid,  formic 
acid,  and  carbonic  acid.  Caustic  alcalies  convert  it  into  ammonia 
and  amygdalinic  acid :  permanganate  of  potash  converts  it  into 
cyanate  and  benzoate  of  potash. 

2.  Amygdaliiiic  Acid.     C^o  H»  O^ -|- H  O. 

Prepared  by  boiling  amygdaline  with  baryta  as  long  as  ammonia 
is  given  off,  and  then  removing  the  baryta  from  the  soluble  amyg- 
dalinate  of  that  base  by  sulphuric  acid.  By  evaporation  it  yields 
a  transparent  amorphous  mass,  which  has  a  very  pleasant  acid 
taste.    Nitric  acid,  and  other  oxidising  agents,  convert  it  into 
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hrduret  of  benEo; le,  with  formic  and  bensotc  omd.    Ita  aaJta  are 
afmogt  a]l  soluble :  their  formula  is  C«  IL>  Om  +  U  0. 

3.  Distilled  Water  or  Bitteb  Almokis. 

Expressed  bitter  nimonds  nre  made  into  a  thin  cream  with  water, 
and  tbis  distilled  in  the  beat  of  a  chloride  of  calcium  bath,  till  a 
quantity  of  water  baa  passed  over  equal  in  weij/ht  to  the  almonds 
before  being  pressed.  The  distilled  water  is  milky  from  suspended 
oil  of  bitter  almouds,  and  smells  both  of  hvduret  of  beneoyle  and 
of  hydrocyanic  acid.  When  freshly  prepared,  it  contains  little 
more  than  1  grain  of  hydrocyanic  acid  per  ounce  ;  but  its  strength 
diminishes  by  keeping,  and  as  it  is  difficult  to  obtain  it  of  uniform 
strength  even  when  fresh,  it  is  not  a  good  form  of  administering 
hydrocyanic  acid.  It  is  remarkable,  that  nitrate  of  silver  doea 
not  detect  the  hydrocyanic  acid,  unless  ammonia  is  added  with  th« 
mtntte,  and  aller  a  time  neutralised  by  nitric  acid.  It  is  used  in 
medicine,  especially  on  the  Continent,  and  is  poisonous. 

4.  Lao  BEL  Wateb, 

Obtained  by  distilling  two  parts  of  fresh  leaves  of  prunus  lauro- 

cerasus  with  water  till  three  parts  have  passed  over.     It  exactly 

resembles  the  preceding  water,  and  is  equally  uncertain,  and 

equally  poisonous. 


Bitt«r  almonds  contain,  like  sweet  almonds,  a  large  quantity  of 
an  albuminous  or  caseous  matter,  called  emulsine  or  synaptase, 
along  with  abundance  of  a  mild  fat  oil,  the  oil  of  almonds,  veir 
similar  to  olive  oil.  fiut  in  addition  to  these,  the  bitter  almonds 
contain  4  or  6  per  cent,  of  amygdaline,  which  is  not  present  in 
sweet  almonds. 

Now,  if  die  amygdaline  be  removed  by  boiling  alcohol,  the  resi- 
due, when  distilled  with  water,  does  not  yield  a  trace  of  the  vola- 
tile oil  of  bitter  almonds.  Again,  if  the  residue  of  the  bitter 
almonds,  after  tlie  fat  oil  has  been  pressed  out,  be  heated  to  such 
a  point  as  to  coagulate  the  emulsine,  before  water  is  added,  the 
disUtlation  also  yields  no  volatile  oil,  even  although  the  amygdalme 
be  present. 

These  facts  prove  that  the  production  of  the  volatile  oil  of  bitter 
almonds  depends  on  the  presence,  first,  of  amygdaline  ;  secondly, 
of  soluble  emulsine  :  and  that  it  w  the  result  of  the  mutual  action 
of  these  bodies  on  each  other.  This  is  further  demonstrated  by 
the  (act,  that  if  amygdaline  be  placed  in  contact  wilh  the  emulsine 
or  synaptase  of  sweet  almonds,  and  water,  distillation  of  the  mix- 
ture now  yields  tlie  oil  abundantly. 
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When  the  solution  of  10  parts  of  Rmygdaline  in  100  of  water  is 
added  to  a  solution  of  1  part  of  synaptase  in  10  of  water,  mutual 
decomposition  at  once  takes  place  :  the  liquid  acquires  the  odor  of 
hvduret  of  benzoyle,  and  of  hydrocyanic  acid,  and  when  distilled, 
yields  the  crude  oil  of  bitter  almonds,  which  is  a  mixture  of 
these  two  compounds.  The  residue  of  the  distillation  contains 
sugar  in  such  quantity,  that  it  is  probable  the  elements  of 
the  synaptase  have  contributed  to  form  it ;  and  when  this  sugar 
is  destroyed  by  fermentation,  a  fixed  acid  is  found.  If  the 
synaptase  has  been  coagulated,  it  has  not  the  slightest  action  on 
amygdaline. 

When  the  expressed  bitter  almonds  are  moistened  with  water, 
the. very  same  reaction  occurs ;  and  if  enough  water  be  present  to 
dissolve  the  oil  as  it  is  formed,  the  whole  amygdaline  disappears 
in  a  short  time.  But  if  the  expressed  almonds  be  thrown  into 
boiling  water,  the  synaptase  coagulates,  and  can  then  produce  no 
change  in  the  amygdaline.  To  obtain  the  full  proportion  of  oil,  1 
part  of  expressed  almonds  should  be  macerated  for  24  hours  with 
20  parts  of  water  at  about  102^,  and  then  distilled. 

100  parts  of  amygdaline  produce  47  of  crude  oil,  and  these  47 
parts  of  crude  oil  contain  almost  exactly  6  of  anhydrous  hydro- 
cyanic acid  ;  so  that  17  grains  of  amygdaline  dissolved  in  1  oz.  of 
emulsion  of  sweet  almonds,  yields  a  mixture  containing  1  grain  of 
dry  hydrocyanic  acid,  and  consequently  of  the  same  strength  as 
the  distilled  water  professes  to  be.  This  mixture  has,  besides,  the 
advantage  of  containing  the  hyduret  of  benzoyle  present  in  the 
distilled  water,  to  which  is  perhaps  owing  the  superiority  of  the 
distilled  water  of  bitter  almonds  on  laurel  ieayes  over  mere  diluted 
hydrocyanic  acid,  a  superiority,  which,  according  to  the  Continen- 
tal physicians,  is  very  decided  and  obvious.  The  above  simple 
recipe,  given  by  Liebig  and  Wuhler,  is  admirably  adapted  for  extern* 
poraneous  use,  and  the  mixture  ouirht  never  to  be  made  in  a  larger 
quantity  at  a  time,  as,  like  the  distilled  water,  it  alters  by  keeping. 

In  the  above  remarkable  decomposition,  we  have  a  yery  beauti- 
ful example  of  a  metamorphosis  in  which  the  elements  of  two 
bodies  take  a  share;  but  as  the  whole  of  the  products  are  not 
yet  exactly  known,  and  even  the  composition  of  the  emulsine  or 
synaptase  is  uncertain,  we  cannot  explain  the  whole  chanee  with 
precision.  We  know,  however,  that  from  1  eq.  amygdaline,  0» 
K  Hfl  Om,  the  following  compounds  may  be  derived : — 

1  eq.  hydrocyanic  acid Oa  NH 

2  eq.  hyduret  of  benzoyle Cx      U13O4 

ii  eq.  sugar • C«       Hs  Om 

2  eq.  formic  acid C4       Ht  Oa 

7  eq.  water Ht  O? 

1  eq.  amygdaline .   .C«  NHnOa 
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Also,  I  eq.  amygdatinio  ficid,  C«>  Hn  Om,  mtij  yield : 
3  eq.  formic  acid Cs  Ha  0> 

5  eq.  hyduret  of  benioyle CaHiiO« 

^  eq.  sugir C«  H>  Oi 

6  eq.  water Hf  O*  ' 

1  eq  unygdaliaic  acid CvHmOm 

Now,  we  con  trace  all  these  products  amon^  the  results  of  this 
transform Attoa  ;  and,  it  is  probable,  not  only  that  thero  is  more 
sugar  than  can  be  accounted  for  by  the  amygdaline,  but  also  that 
other  products,  not  yet  known,  are  formed  ;  as,  for  eiaropte,  the 
filed  acid  above  alluded  to.  .The  emulsine  or  synaptase,  which 
produces  this  remarkable  change  in  amygdaline,  in  which  it  itself 

Earticipates,  ctmtains  nitrogen,  is  soluble  ia  water,  coagulable  by 
eat,  and  in  short  very  analogous  both  to  albumen  and  caseine, 
■long  with  which  we  shall  again  notice  it.  In  the  almond  it 
shears  to  be  accompanied  by  albumen. 

Wc  have  seen,  above,  that  the  assumption  of  the  existence  of 
the  radical  benzoyle  brings  a  number  of  compounds  into  a  more 
easily  understood  form,  and  very  materially  aids  the  memory  by 
enabling  us  to  classify  these  compounds  as  analogue  to  others 
better  known.  Other  views  may  be  taken  of  uiis  series  of 
compounds :  for  example,  according  to  Dumas,  hydnret  of  ben- 
Eoyle  may  be  represented  as  a  compound  of  benzoic  acid  with 
a  carbo-hydrogen,  2  ChH.  Oj  -f  ^ChHi)  Hj  ;  benzoic  acid 
being  the  teroiide  and  the  carbo-byarc^n  the  terhyduret  of  the 
body.  C«H.  :  for  2{C-.H0  03  +  (Ci.  H()H.  =  C«H,.0.  = 
3  (ChHs  0>)  =  3  Bz  H.  The  same  view  might  be  extended  to 
some  of  the  other  compounds  of  bentoyle,  but  it  is  complex,  and 
cannot  well  be  applied  to  bensamide,  hydrobenz amide,  and  several 
odiers.  Again,  according  to  Mitscherlich,  benzoic  acid  is  Cn  U* 
-{-  S  C  Oj  ;  that  is,  benzole  plus  2  eq.  carbonic  acid  ;  while  a  dry 
bensoate  would  contain,  united  to  the  base,  the  hypothetical  body 
benaide,  CnUi,  and  the  equally  hypothetical  anhydrous  oxalic 
acid,  Ci  Oa.  These  views  appear  both  to  be  in  all  respects 
inferior  to  that  which  we  have  adopted,  and  which  must  be 
retained,  until  a  better  shall  be  proptosed.  If  I  understand  rightly 
■ome  expressions  in  a  recent  paper  by  Laurent,  that  chemist  con- 
siders hydurot  of  benzoyle,  Ch  H«  Oh  as  the  oiide  of  a  radical 
bensene  ;  but  it  does  not  appear,  whether  it  is  (Ci4Ha)-|-0i  or 
{Cm  H«  0)  +  O.  The  term  oiide  of  benzene,  however,  may  be 
applied  to  one  of  the  isomeric  modifications  of  the  hydureL 
XIV.  SiLicTti.  ^«H.  04=Sa. 
This  is  the  hypothetical  radical  of  a  remarkable  series  of  com- 

rnds ;  and,  aft  such,  belongs  to  the  same  group  as  benzoyle. 
most  interesting  compound  is  the  hyduret  of  salicyle,  which  we 
shall  therefore  first  tMisider. 


860  HYOURBT    OF   SALICYLE. 

1.  Htduret  of  Salicyl'^.    CuH5  04,H  =  SaH. 

Stn.  Salicylous  Acid.  —  This  compound  is  found  as  the  chief 
ingredient  in  the  essence  of  meadowsweet,  that  is,  the  essential  oil 
obtained  by  distilling  the  flowers  of  spircea  ulmaria  with  water. 
It  is  probable  that,  like  the  essence  of  bitter' almonds,  it  is  formed 
by  the  metamorphosis  of  a  compound  or  compounds  present  in  the 
flowers.  The  crude  essence  is  distilled  with  aqua  potassse,  which 
combines  with  the  hyduret,  and  an  oil  distils  over  which  seems  to 
be  a  carbo-hydrogen.  The  salt  of  potash  being  now  redistilled 
with  a  slight  excess  of  dilute  sulpnuric  acid,  yields  the  pure 
hyduret  of  salicyle. 

It  may  also  be  obtained  by  distilling  one  part  of  salicine,  one 
part  of  bichromate  of  potash,  two  and  a  half  of  oil  of  vitriol,  and 
twenty  of  water,  together.  The  salicine  is  dissolved  in  part  of 
the  water,  and  the  acid  diluted  with  the  rest.  The  mixture  is 
then  made  in  a  retort,  and  after  the  effervescence  which  takes 
place  is  over,  the  whole  is  distilled,  and  yields  the  hyduret,  to  the 
amount  of  one-fourth  of  the  salicine  employed. 

Hyduret  of  salicyle  is  an  oily  colorless  liquid,  having  a  fragrant 
aromatic  odor  and  a  burning  taste.  Its  Sp.  G.  is  1*1731,  and  it 
boils  about  380°.  With  chlorine  and  bromine  it  forms  new  com- 
pounds. With  bases  it  forms  salicylurets,  water  being  separated : 
HSa-]-M0  =  H04-MSa,  so  that  it  has  the  characters  of  an 
acid. 

Salicyluret  of  Ammonium,  Sa,  N  H4  —  Is  formed  when  concen- 
trated ammonia  is  poured  upon  hyduret  of  salicyle.  It  is  a  yellow 
solid,  having  a  famt  odor  of  roses.  When  moist,  this  salt  is 
decomposed  spontaneously,  becoming  black,  and  giving  off  ammo- 
nia and  an  odor  like  that  of  roses.  With  dry  ammoniacal  gas, 
hyduret  of  salicyle  forms  the  compound  3SaH-^2NH3. 

Saliqflimide,  C42Na  HisOe  — Is  formed  when  caustic  ammonia 
is  added,  drop  by  drop,  to  a  solution  of  1  vol.  hyduret  of  salicyle 
in  3  vol.  alcohol,  and  the  small  yellow  crystals  which  first  formed 
are  dissolved  by  a  gentle  heat.  On  standing,  salicylimide  appears 
in  the  form  of  golden  yellow  brilliant  prisms.  It  is  formed  from 
3  eq.  hyduret  of  salicyle  and  2  eq.  of  ammonia,  by  the  separation 
of  6  eq.  water,  3  (CuHe  O4) +2  NHj  — 6  H  O  =  C^Ni  Hh 
Oe.  As  it  is  no  longer  soluble  in  the  liquid  from  which  it  was 
first  deposited,  it  is  probable  that  the  yellow  salt  first  formed,  which 
dissolved  in  the  alcohol  by  aid  of  a  gentle  heat  was  salicyluret  of 
ammonium,  which,  by  excess  of  ammonia,  was  converted  into 
salicylimide. 

The  salts  of  the  hyduret  of  salicyle  or  hydrosalicylic  acid,  are 
constituted,  for  the  most  part,  according  to  the  formula  Sa  M.  The 
potassium  salt  Sa  K,  when  exposed  to  the  air  in  a  moist  state, 
becomes  first  green,  then  black.  When  the  change  is  complete, 
water  dissolves  acetate  of  potash,   and  leaves  a  black  maUer, 
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melanic  add,  CioHt  Oi.  1  eq.  of  sulicyluret  of  potassiam,  2  eq. 
water,  and  3  cq.  oxygen,  contain  ihe  elementn  of  1  eq.  acetate  of 
potash,  and  1  eq.  ineUnic  acid:  C.4  Hj  0. ,  K  +  2  H  0  +  0.  =  Ci 
H»0.,K+CiiiH.  Oj.     Melnnic  acid  combines  with  bases. 

Ettlinf;  and  Slenhouse  have  shown  that  when  the  aolicyluret  of 
copper,  Cu  Sa  =  On  Hs  0»  +  Cu,  and  the  bcDBoate  of  copper, 
CuO,  CitH>  On,  which  is  isomeric  with  it,  are  disdilcd,  several 
new  products  are  formed.  Among  these  are  salicylic  add  Kod  two 
crystalline  neutral  compounds. 

Faraialieyle  —  Is  a  product  of  the  action  of  beat  on  salioyluret 
(salicylile)  of  copper.  Its  formnU  is  Cu  Hi  Oa,  and  it  has  the 
composition  of  aohydrous  benzoic  acid,  or  of  salicylous  ncid, 
(hyduret  of  salicyle  viewed  as  an  oxygen  acid),  as  it  exists  in  its 
salts.  The  copper  salt  from  which  ii  is  formed  may  be  represeated 
either  as  Ou  H>  O4  -f  Cu,  or  as  Ca  0,  Ci.  H>  O3.  Parssalicyle  is 
fusible  and  volatile,  aod  only  attacked  by  strong  acids. 

When  bensoale  of  copper  U  distilled,  there  is  formed,  heudea 
salicylic  acid,  a  neutral  volatile  crystalline  compound,  which  con- 
tains I  eq.  oxygen  less  than  parasalicyle,  and  the  formula  of  which 
is  consequently  Cu  H>  Oi.  It  is  therefore  isomeric  with  benzile, 
and  has  the  composition  of  the  radical  bensoyle.  Indeed,  as  it 
yields  bentoic  acid  when  acted  on  by  potash,  while  benzile  yields 
benzilic  acid,  it  may  very  probably  be  that  radical.  It  has  not, 
however,  been  named  by  Ettling,  who  discovered  it, 

3.  Sauctlic  Acid.    (C»HiO()0,HO  =  SaO,H  0  =  SaOi[I. 

Formed  when  hyduret  of  salicyle  is  heated  with  hydrate  of 
potash  till  the  mass  loses  its  brown  color.  Hydrogen  is  given  off, 
and  salicylate  of  potash  is  formed.  Hydrochloric  acid,  added  to 
the  solution  of  this  salt,  causes  the  deposition  of  crystals  of  salicylic 
acid. 

The  same  acid  is  formed  when  coumarine,  the  stearoptene  or 
oamphor  of  the  tonka  bean,  is  acted  on  by  causdc  potash.  More- 
over the  essential  oil  of  winurgreen,  or  gaulthena  procumbena, 
appears,  by  the  researches  of  Cahonrs  and  Qerhard,  to  be  the 
salicylate  of  oxide  of  metfayle.  The  acid,  tbereEbre,  is  most  readily 
obtained,  by  gently  heating  this  oil  with  a  slight  excess  of  potash, 
and  a^rward  adding  an  acid,  when  the  salicylic  acid,  being  very 
sparingly  soluble,  is  deposited.  It  is  easily  purified  by  recrys- 
tallixation,  and  sometimes  forms  crystals  one  or  two  inches  in 
length. 

Salicylic  acid  crystallizes  in  tufts  of  slender  prisms,  very  like 
bensoic  acid.  It  may  be  sublimed  without  decomposition.  The 
formation  of  this  acid  from  hyduret  of  salicyle  is  very  simple  : 
C.  H.  0*,  H  -f  K  0.  H  0  =  Cu  Hi  Oi ,  K  0  +  lis .  When  the 
aalicylale  of  potash  is  decomposed  by  an  acid,  the  salicylic  acid 
takes  up  1  eq.  of  basic  water,  and  separates  as  OhHi  Oi,  H  O,  <» 


362  CHLOROSAUCTUC  ACID. 

Cm  Hi  O0,  H.     The  decompositions  of  this  acid  are  verj  interest- 
ing, connecting  it  with  several  other  series  of  organic  compounds. 

When  it  is  acted  on  by  nitric  acid,  it  is  first  converted  into 
indi,i?olic  acid,  or  anilic  acid,  CuH*  N  0»,  H  O,  along  with  other 
products  ;  and  by  the  continued  action  of  nitric  acid,  there  is  finally 
produced  the  remarkable  bitter  acid,  called  carbazotic,  or  nitropi- 
eric  acid,  C12  Ha  N3  Ois,  H  0.  Both  these  acids  are  formed  from 
indigo  by  Ihe  action  of  nitric  acid. 

When  salicylic  acid  is  distilled  with  caustic  baryta,  it  yields  car- 
bonate of  baryta,  and  a  heavy  oily  liquid,  which  is  the  acid  known 
as  carbolic  acid,  (Jiunpe),  and  hydrate  of  phenyle  (Laurent),  the 
formula  of  which  is  Cis  He  Oa  =  Cit  H» ,  O,  H  O.  The  production 
of  carbolic  acid  from  salicylic  acid  is  easily  understood :  it  is,  in 
(act,  analogous  to  that  of  benzine  from  benzoic  acid  :  CuHs  0», 
HO  +  2BaO  =  2(BaO.  COa)4-Ci2Ha  Oa.  As  the  action 
with  baryta  is  so  violent  as  to  destroy  a  great  part  of  the  acid,  it 
is  found  better  to  heat  rapidly  salicylic  acid  mixed  with  powdered 
glass,  when  it  is  resolved  into  carbolic  and  carbonic  acids. 

Now  it  is  very  remarkable,  that  carbolic  acid,  which  is  one  of 
the  chief  ingredients  of  the  oil  of  coal  tar,  a  product,  therefore,  of 
the  destructive  distillation,  is  also  converted  by  the  action  of  nitric 
acid  into  nitropicric  acid.  This  would  indicate  that  when  salicylic 
acid  is  acted  on  by  nitric  acid,  it  yields,  first,  some  compound  con- 
taining the  same  radical  as  carbolic  and  nitropicric  acid,  and  that 
this  is  further  oxidized  into  the  latter  acid.  We  shall  hereafter  see 
that  the  probable  radical  of  carbolic  acid  \s  phene,  CitOo,  from 
which,  by  substitution  and  oxidation,  carbolic  and  nitropicric  acids, 
and  a  whole  series  of  compounds,  may  be  formed. 

On  the  whole,  from  its  relation  to  hyduret  of  salicyle  and  to 
salicine  ^from  which  it  may  also  be  formed  by  the  action  of  caus- 
tic potasn),  from  its  analog  in  formation,  constitution,  and  proper* 
ties  to  benzoic  acid,  from  its  occurrence  in  nature  in  the  first  com- 
pound of  methyle  not  artificially  produced,  and  from  its  ready  con- 
vertibility into  indigotic  acid,  carbolic  acid,  and  nitropicric  acid, 
salioylic  acid  is  a  compound  of  very  great  interest. 

The  salts  of  salicylic  acid  have  the  general  formula  CuHs  Os, 
HO  or  CiiHs  Oe,  M.  The  salicylate  of  oxide  of  methyle,  Ca 
Ha  O  4-  CuHs  O5,  occurs  in  the  essential  oil  of  gauUheria  pro- 
cumbens,  and  is  much  used  in  perfumery.  It  gives  rise  to  a  num- 
ber of  remarkable  products,  when  subjected  to  the  action  of  nitric 
acid,  chlorine,  bromine,  alcalies,  <&c. ;  but  all  these  things  will  be 
treated  of  in  their  proper  places. 

3.  Chlorosalicylic  Acid.     CuUs  <^,*  or  C^Us  04,C1. 

When  dry  chlorine  is  made  to  act  on  dry  hyduret  of  salicyle, 
this  compound  is  formed,  alonff  with  hydrochloric  acid ;  it  crya- 
taUisos  readily,  and  may  be  suDlimed  unchanged.    Its  formatkni 
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ia  entirely  analogous  hi  tliat  of  ciiloricle  of  bcnioylu,  ttnd  it  might 
be  viewed  ns  chloride  of  salicyle,  Ci.Hi  0<,  CI  =  SnCl.  But  its 
properties  arc,  those  of  iin  ncid,  and  hence  we  Rre  compelled  to 
con^'ide^  it  iis  sniicylic  nciil,  CuHt  Oi,  in  which  1  eq.  oxygen  has 
been  repliiued  by  1  eq.  chlorine,  the  type  remaining  UQcnaoged. 
Hence,  aitet  this  substitution,  it  is  still  an  acid,  and  its  true  formula 
is  CitHs     -Jp,*  an  acid  of  the  type  of  anhydrous  Ealicylic  acid. 

With  ammonia  it  forms  a  new  compound,  chlorosalicylimide. 
As  in  the  action  of  ammonia  on  hyduret  of  aalicyle,  so  in  this  cate, 
2  eq.  ammonia  act  on  3  of  the  acid,  and  6  of  water  are  separated. 
The  formula  of  chloroaalicylimide,  vhich  ia  a  yellow,  insoluble 
solid,  is  CiiUuN.  CI)  O,.  for  3  (Cm  H.  CI  O.)  +  !  N  Hi  =  6 
H  O  -f  Cu  U>t  Cla  Ni  0*.  It  is,  in  fact,  salicylimide  in  which  3 
eq.  ehlurine  have  b«^en  substituted  for  3  eq.  hydrt^n. 

With  bromine  and  iodine,  hyduret  of  salicyle  yields  the  two 
analogous  compounds,  bromosalicylic  acid,  and  iodosalicylio  acid  ; 
Ci.H.    jJ^'andCH.   \f* 

i.  NiTEOSALicTLic  Acid.    CnHi  NOio=CiiHt  NO*,  HO. 

Sr».  'Aniiic  Acid.  Indigolic  Add.  —  This  acid  is  formed  by  the 
ftction  of  nitric  acid  on  hyduret  of  salicyle,  or  still  better,  on  aaJi- 
oylic  acid.  It  forms  yellow  prisms,  and  with  bases  yields  yellow 
detonating  salts.  Ammonia  colors  it  blood-red,  and  perchloride 
of  iron  cherry-red.  It  would  appear,  according  to  the  above 
formula,  derived  from  the  analysts  of  Piria,  to  be  salicylic  acid, 
in  which  1  eq.  nitrous  (hyponitric)  acid  is  substituted  for  1  eq. 
hydrogen.  But  its  characters,  and  those  of  its  salts,  are  such  as 
to  convince  us  that  it  is  identical  with  indigotic,  or  amiic  acid; 
under  which  names  we  shall  have  again  to  treat  of  it. 


)    SALICTLK. 

fi.  Salicins.    CMHiiOi«  =  CiiHMOig  +  CHH>0<. 

This  compound  occurs  in  the  bark  of  all  such  willows  as  are  bit- 
ter, such  as  Salix  helix,  S.  amygdalina,  &c.  It  is  extracted  by 
boiling  with  water,  decolorizing  the  decoction  with  litharge,  remov- 
ing the  lead  dissolved  by  sulpnuric  acid  and  sulphide  of  barium, 
and  evaporating  to  a  syrup.  The  snlicine  crystallizes  on  standing, 
in  fine  scales  of  a  silky  lustre,  which  have  a  very  pure  bitter  laste, 
and  are  highly  febrifuge.  It  is  neutral,  soluble  in  water  and  alco- 
hol, inaoluble  in  ether.  Oil  of  vitriol  colors  it  blood-red.  Dis- 
tilled with  bicbromate  of  potash  and  aulpburic  acid,  it  yields  for- 
mic and  carbonic  acids,  hyduret  of  salicyle,  and  a  resinous  matter. 
6.  Saugekine.    ChHiO*. 

The  recent  researches  of  Piria  have  greatly  extended  our  knowl- 
edge of  salicine.     The  formula  above  given  for  itlicine  is  deduced 
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from  his  analyses,  and  he  has  shown  that  hy  contact  with  synaptase, 
sahcine  is  decomposed,  being  resolved  into  sugar,  C«  Hio  Oio, 
(which  takes  up  4  eq.  of  water  and  appears  as  fn^pe  sugar,  C« 
Hi4  O14)  and  a  new  body,  saligenine,  CuHs  O4.  When  the  meta- 
morphosis is  complete,  which,  with  200  parts  of  water,  and  3  parts 
of  synaptase  for  60  of  salicine,  and  a  temperature  of  106°,  takes 
place  in  24  hours,  most  of  the  saligenine  separates  in  crystals, 
being  very  sparingly  soluble  in  cold  water,  and  the  rest  is  obtained 
by  agitating  the  solution  with  ether,  which  dissolves  the  saligenine. 
The  aqueous  liquid  is  now  found  to  contain  only  grape  sugar,  and 
the  residue  of  the  synaptase. 

Saligenine  melts  at  180°,  and  forms  on  cooling  a  crystalline  mass. 
It  appears  to  form  a  combination  with  potash,  but  when  it  is  heated 
with  that  alcali,  hydrogen  is  disengaged  and  salicylic  acid  is 
formed.  Several  oxidizin?  agents  convert  saligenine  into  hyduret 
of  salicyle,  from  which  it  differs  only  by  containing  2  eq.  of  hydro- 
gen more.  Aqueous  solutions  of  perchloride  of  iron  and  of  salts 
of  peroxide  of  iron  strike  an  indigo  blue  with  saligenine  ;  but  this 
color  is  not  formed  when  alcoholic  or  etherial  solutions  are  used. 
The  blue  compound  has  not  been  separated.  When  heated  to  a 
certain  point,  or  boiled  with  acids,  saligenine  is  converted  into 
saliretine,  a  body  which  is  also  obtained  when  saiicine  is  boiled 
with  dilute  acids,  and  which  is  no  doubt  in  this  latter  case  derived 
from  the  saligenine  contained  in  the  saiicine.  Saliretine  will  be 
described  presently. 

As  it  appears  certain  from  the  experiments  of  Piria  that  saiicine 
is  composed  of  saligenine  and  sugar,  the  products  of  various  reac- 
tions on  saiicine  will  be  generally  those  on  a  mixture  of  saligenine 
and  sugar.  It  will  therefore  be  better  to  describe  in  connection 
the  substances  produced  from  saligenine,  and  those  formed  from 
saiicine. 

By  the  action  of  chlorine  on  saiicine,  there  are  formed  three 
compounds  analogous  to  saiicine,  in  which  1,  2,  and  3  eq.  of 
hydrogen  are  replaced  by  chlorine.     These  are  : 

Chlorosalicine C»  ^M  Oh  -|-  4  aq. 

Bichlorosalicine C»  q!*  >  Qu  -|-  2  aq. 

H    i 
Terchiorosalicine ^*  C[a\  ^^*-\'^^' 

These  compounds  are  all  crystallized,  and  all  of  them,  like  saii- 
cine, are  decomposed  by  fermentation  in  contact  with  synaptase 
into  sugar  and  a  body  derived  from  saligenine. 

Thus  we  have : 

Chlorosalicine  =  Sugar  -{-  Chlorosaligenine, 


BichloroBsliciiis  =  Sugar  4*  BIch1orOBBlig«nf  ne, 

Cwq^A  Oi.  =  CbH..O-.+  C,.^M  O.jand 
Terchlororalicine^  Sugar  4-  TerchloroaBligenine, 

Chlorosaligeninc  forms  very  6Re  crystals,  and  is  singularly  like 
Baligenine  in  its  outward  characters.  It  colors  oil  of  vitriol,  how- 
ever, green,  whereas  saligenine  colors  it  red,  as  does  also  salicine. 
The  two  other  compounds  are  obtained  with  much  greater  difScul^ 
by  the  action  of  synaptase  or  bichloroealicine  and  terchlorosolicine 
owing  to  the  very  sparing  solubility  of  these  compounds.  But 
their  existence  htm  been  established. 

1.  Salireting- 

When  saligenine  is  boiled  with  diluted  acid,  or  heated  beyond 
its  melting  point,  it  is  changed  into  a  resinous  substance,  which 
differs  from  saligenine  only  by  2  eq.  water.  Its  empirical  fonnula 
is  CuHaOi,  and  therefore  it  is  isomeric  or  polymeric  with 
hyduret  of  benioyle. 

It  appears  that  chlorosaligenine,  bichlorosaligenine,  and  terehlo- 
rosaligenine  also  yield  resins  when  boiled  with  acids,  and  these 
resins  are  in  all  probability  derived  from  saliretine,  and  composed 
of  Cu  ■^*  I  Oa,  Ci.g,' t  0.,  C«^j'^  i  0,.  If  BO.  they  will  be 
named  chlorosaliretiQe,  bichlorosaliretine,  and  terchbrosaliretine. 
6.  Helicihe.    C3>H.<Oi<  =  Ci<HiiiOio4-CuH<  O4. 

This  compound  is  formed  when  aalicine  is  acted  on  by  diluted 
nitric  add.  When  pure  it  forms  small  white  needles,  which  con- 
t^n  in  addition  to  twice  the  above  formula,  3  eq.  water  of  crystal- 
lization. Helicine  contains  the  elements  of  sugar  and  hyduret  of 
salicyle,  and  i.«  actually  resolved  into  them  by  synaptase,  and  in 
other  ways.  It  is  no  doubt  formed  by  the  oxidation  of  the  sali- 
genine, producing  hyduret  of  salicyle,  which  then  unites  with  the 
sugar  to  form  helicine. 

Helicine,  when  heated  to  347°,  is  converted  into  an  insoluble 


When  the  oxidation  of  salicine  is  carried  farther,  the  sugar  is 
destroyed,  and  yields  formic  and  carbonic  acids ;  but  when  the 
oxidation  is  insufficient  to  form  helicine,  there  is  produced  a  body, 
helicoidine,  tlie  empirical  formula  of  which  is  On  Hm  0«  +  3  eq, 
=  9  eq.  sugar,  C«  H»  0:e ;  1  eq.  hyduret  of  salicyle,  Cu  H«  0*  ; 
and  1  eq.  saligenine,  C:t  Hi  0<. 

By  the  action  of  chlorine,  helicine  yields  chlorohelicine  Cm 
„,    >  On,  which  is  formed  of  sugar  and  chloride  of  salicyle,  Cii 


H>*  Oil  +  Cii  ^l  Ot .     Wiih  bromuie  it  fields  a  smilar  com- 

RaUiine  is  the  QAme  gi^en  to  the  red  compoond  fonuMl  b7  the 
aetioa  of  oil  of  vitriol  on  lalicioe.  When  pore  it  ts  of  a  deep  red- 
dull  brown  color ;  adds  change  it  to  a  bright  red,  alcaliea  to  a 
deep  j'xfAtt. 

9.  pHtownziSE.     C«HiiO«  =  C«HjOa  +  6HO« 

Thi*  in  a  lubatancc,  very  analogous  to  salieine,  which  ocem  in 
tbe  bark  of  the  roots  of  the  apple,  pear,  plum,  die.  It  is  eztnct- 
ed  in  the  same  way  as  salicine,  and  re^mbles  it  mnch ;  forming 
smal]  scales,  soluble  in  hot  water,  and  in  alcohol,  rery  bitter,  and 
powerfully  febrifuge.  When  boiled  with  dilute  sulphuric  acid,  it 
yields  a  resinous  compound,  phloretine,  analogous  to  saliretine, 
along  with  pupe  sugar.  Fbluretine  is  C^MitOi*  =  CbNhO*, 
HO?  and  Ca  Uu  Ok  -j-  C»  Hi.  0»  =  C«  Ha  Oh.  According  to 
Slas,  however,  phloretine  is  C>  Hi  Oi,  or  double  or  quadruple  of 
this.  Tbe  componnd  ot  phloretine  with  oxide  of  lead,  he  fonnd 
to  be  C»H>0),  ZPbO;  whicb  would  indicate,  for  bydrated 
pbloreline.  C»Hi  0,,  8  H  0  i=  C.iH>  Ot,  H  O  =  Gt  Hi  Oi  ? 

By  tbe  action  of  nitric  acid  on  pbloridzine,  there  is  formed  a 
poce-colored  acid,  nitropblorelic  acid,  which,  according  to  Piria,  is 
C>  Hj<  N  0>i  ;  BccordluK  (o  Stas,  0«  H.d  N  On. 

PUoriditine.  CuHi»N»0«?  —  When  moi^t  phloridEine  is  ei- 
poaed  to  air  and  ammonia,  it  is  transfonned  into  a  deep-red  com- 
pound, which  dissolves  in  ammonia  and  may  be  precipitated  by 
acids.  It  is  equal  to  pbloridzine,  pins  8  eq.  oxygen  und  2  eq. 
ammonia.  When  dissolved  in  ammonia,  and  dried  in  vacuo,  it 
leaves  a  purple  mass,  with  coppery  lustre,  which  communicates  to 
water  a  Hplcndid  blue  color.  This  is  a  compoand  of  pbloridzine 
and  1  cq.  ammonia.  The  formation  of  this  blue  pigment  is  a  very 
good  example  of  that  kind  of  eremacausis  with  the  aid  of  ammo- 
nia, by  which  indigo,  litmus,  orchil,  Ac,  are  produced  from  color- 
less bodies. 

Whpn  salicine  was  supposed  to  be  Cu  Ha  Os,  pbloridzine 
appeared  (o  dilfer  from  it  by  only  S  eq.  oxygen ;  but  as  that 
formula  for  sitlicine,  according  to   Piria,  is  erroneous,  it  is  moat 

frobuble  that  the  formula  of  pnloridiine  will  require  to  bu  changed, 
t  is,  therefore,  marked  ns  doubtful,  along  with  its  derivatives. 
XV.  CtaiAMTLB.    C.HiO*  =  Ci. 
The  radical  of  essence  of  cbnnmon,  but  unknown  in  a  separate 
form. 

1.  llroUBET  OF  CiKHAHiLE.    CiHsCaHfOisCuHiOi,!]. 

Thin  is  the  puritied  essence  or  oil  of  cinnamon.     The  tnl  of 

commerce  rontains,  besides  cinnamic  acid  and  two  retina,  «]I  ttt 
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wbioh  have  been  produced  from  the  original  oil,  Cn  Hii  Oj  by  the 
additions  to  3  eq.  of  it,  of  8  eq.  ozjffen.  3  (CnHn  0,)+  0>  = 
C-H.O.  {cionamic  acid)  +  C„H.  0  (ft  resin)  ;  +C»H«0. 
(another  resin),  -f-.fiHO.  With  less  oxygen,  liyduret  of  cinna- 
myle,  di  Hi  Oi,  is  formed,  along  with  the  resins,  so  that  tbe  oil 
of  commerce  contains,  besides  tlie  original  (h1,  all  the  compounds 
above  mentioned. 

The  hyduret  of  cinnamyle,  Ci  H,  is  a  fragrant  oil.  It  forma 
with  nitric  acid  a  cryslnlline  compound,  CiH-f-^Oi,  which 
when  mixed  with  water  is  resolved  into  its  constituents,  hyduret 
of  cinnamyle  and  nitric  acid.  When  the  hyduret  is  eiposed  to  the 
air,  it  absorbs  oxyjreD,  producing  cinnamic  acid,  Ci  O,  H  0  ^  Cn 
H.  03,  HO. 

The  fresh  oil  of  cinnamon  is,  as  has  been  statod,  CoHn  Oi. 
With  6  eq.  oxyg;en  from  the  air,  it  yields  hyduret  of  ciDnani;fIe 
and  the  ttro  resina  :  with  2  eq.  more,  the  hyduret  passes  into  cin- 
namic acid.  With  oil  of  vitriol,  3  eq.  of  tbe  fresh  oil  =  C«a  Ha 
Ot,  lose  3  eq.  water,  and  form  two  resins,  one  s  Cjo  Hii  0  ;  the 
other  =  CsHiiOi.  With  hydrochloric  acid,  it  yields  an  oil  and 
two  resins  ;  one,  Cn  Hi  0  ;  ihe  other  Ci.  H»  O. 

3.  CiRiiANic  Acid.  C»  Ht  Oi -fHO  =  CiO,HO. 
Formed  by  exposing  oil  of  cinnamon  lo  the  air.  It  is  most 
easily  obtained  by  dissolving  the  oil  of  balsam  of  Peru  in  an 
alcoholic  solution  of  potash,  evaporating  to  dryness,  dissolving  in 
hot  water,  and  adding  to  the  solution  of  cinnamate  of  potash  an 
excess  of  hydrochloric  acid.  It  crystallizes  very  readily,  and  may 
he  sublimed.  By  the  action  of  nitric  acid,  cinnamic  acid  is  con- 
verted into  hyduret  of  benzoyle,  and  into  an  acid  very  similar  to 
bensoic  acid,  if  not  identical  with  it.  When  cinnamic  acid  is  added 
to  cold  nitric  acid,  it  forms  an  acid,  ChHt  N  Oi  =  CiiHi  0«  — 
H  +  N  Oi  ;  that  is,  cinnamic  acid,  in  which  1  eq.  of  nitrous  add 

is  substituted  for  I  of  hydrogen  :  C»  ]  wn  ^''  ^  '^'  "^^'^  '" 
nitrocinnnmic  acid.  Its  salts  detonate  when  healed.  With  oxida 
of  ethyle,  it  forms  a  crj-stall liable  ether,  A e  0,CiaH<N07. 
When  oil  of  cinnamon  is  mixed  with  fuming  sulphuric  acid,  there 
is  formed,  according  to  Heriog,  a  new  acid,  sulphocinnamic  acid, 
the  formula  of  which  is  Cia  Ht  0>,  2  SOi  -H  2  H  O  ^  CuHi  Ou 
Si.     Il  is  bibasic,  and  almost  all  its  salts  are.  soluble. 

When  oil  of  cinnamon  is  acted  on  by  nitric  acid  with  the  ud  of 
heat,  ia  yields  benzoic  and  nltrobenzoic  acids.  By  the  action  of 
chlorine,  oil  of  ciunamon  is  converted  into  several  new  product*, 
one  of  which  is  chlorocinnose,  Ch  )  qi*  q  •  It  is  hyduret  of 
dnnamyle  in  which  4  eq.  of  chlorine  are  substituted  for  4  eq. 
oi  hydrogen. 


Sob  ovaiacyle. 

Balsam  of  Pern  contains  compounds  connected  with  cinnamyle. 
Tbe  principnl  is  an  oil,  cinnameine,  vhich,  when  boiled  with 
alcalies,  yiilda  cinnamic  acid  and  a  neutral  oily  body,  peruvine, 
Cn  Hit  Oi .  Cinnameine,  heated  with  dry  potiish,  yields  hydro- 
gen gas  and  pure  cinnamate  of  potash.  When  exposed  (o  cold, 
cinnameine  deposits  crystals,  which  have  the  same  composiuoo  as 
hydurct  of  cinnamyle,  and  are  therefore  nn  isomeric  moditicHtion, 
analogous  to  benioine. 

According  to  Richter,  balsam  of  Peru  contains  two  distinct  oils, 
myroxiiine.  insoluble  in  alcohol,  and  niyriospermine,  soluble  in 
alcohol.  With  an  alcoholic  Rolution  of  potash,  myriospermine 
yields  an  acid  resembling  cinnamic  acid,  but  different  from  it, 
myriospermic  acid. 


Tolene  ;  Benzoene. 
According  to  DeTille,  balsam  of  tolu  contains  benioic  acid, 
and  a  body  isomeric  with  hydnret  of  benzoyle  ;  also,  cinnameine, 
and  a  liquid  carbo-liydrogen,  tolene,  the  formula  of  which  is  Cm 
lla  ;  besides  several  resins,  and  Hnother  liquid,  carbo-hydrogcn, 
analogous  to  benzole,  the  name  given  to  which  is  benzoene,  and 
its  formula  CitHi.  It  boils  at  326°,  and  its  Sp.  O.  is  067  at  RS" 
F.     When  acted  on  by  nitric  acid,  benzoene  yields  two  new  com- 

Kunda,  in  which  the  hydrogen  is  partly  replaced  by  nitrous  acid. 
lese  are,  1st,  prolonitrobenzoenc,  CitHiNOi,  which  is  liquid; 
and.  2d,  binitrobenzoene,  CuH.  N.  0.,  which  is  a  cryalallioe 
solid.  By  the  action  of  chlorine  on  benzoene,  Deville  has  also 
obtained  a  series  of  compounds  in  which  the  hydrogen  is  replaced 
bjr  chlorine  ;  these  compounds,  however,  uliiefly  occur  in  com- 
bination with  hydrochloric  acid.  Benzoene  dissolves  in  fuming 
sulphuric  acid,  and  forms  a  cryatalline  moss  of  sulphobenzoenic 
acid,  the  composition  of  which,  nccording  to  Deville,  is  CxHi  Si 
Oi  ;  thai  is,  1  eq,  of  hydrogen  eeems  to  be  replaced  by  1  eq. 
hyposulphuric  acid.  Perhaps  a  better  name  for  ibis  acid  would 
be  hypoBulphobenzoenic  acid.  Ii  is  noalogous  to  the  sulpho- 
napbthalic  or  byposulphonaphthallc  acid. 


Hyduret  of  Guaiacyle.  C^Hi  O4  =  Ci«Ht  Ot -f  HI 
When  the  resin  or  gam  resin,  caUed  guaiacnm,  is  distilled,  there 
ia  obtained,  among  other  products,  a  colorless  oily  liquid,  which  haa 
acid  properties.  According  to  Deville,  it  ia  analogous  to  the  hyduret 
of  salicyle,  which  is  also  an  acid,  and  is  EometJmes  called  sali- 
cylous  acid.  Indeed,  Bobrero,  who  first  obtained  the  acid  from 
guaiactun,  called  it  pyroguaiaeio  acid.  If  viewed  as  a  hydroces 
acid,  it  will  be  the  hydnret  of  guaiacyle.  Cit  Ht  O4  +  H,  and  uda 
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threes  vitL  the  fbmnila  deduced  from  analysis  Cn  Ht  Ot,  vhicb 
U  that  of  saligenioe.  The  acid  corresponding  to  salicylic  acid  has 
not  been  formed,  but  will  probably  herenfter  be  obtained.  Ita 
formula  will  be  Ci«HiOt  =^CiiHt  0.,H0.  But  Thierry  boa 
obtained  nnolher  acid,  which  he  calls  giiaiRcic  acid,  the  formula 
of  which  is  CuHi  0<  =  Cu  Ht  0>,  H  0.  Derille  has  aJso 
deccribed  another  oil,  which  is  neutral,  itnd  seems  to  be  derived 
from  this  Inst  acid,  as  beniole  from  benzoic  acid.  Its  formula  is 
Cii>H>  0>  ;  and  it  is  derived  from  the  acid  Ch  Hi  Oa  by  the 
separadon  of  2  eq.  carbonic  acid;  forCitHiOi  —  SCOi=Cw 
Hi  Oi.     This  neutral  oil  has  been  called  guaiac^ne. 

In  the  precedin"  pages  we  have  considered  a  large  number  of 
compound  radicals,  constituting  chiefly  the  jfroup  of  radiorfB 
analogous  in  their  relations  to  chlorine ;  namely,  cyanogen  ;  fer- 
rocyanogen  and  its  numerous  congeners;  sulpnocyanogen ;  and 
mellone.  We  have  only  described  one  radical,  amide,  which  baa 
a  tendency  to  produce  basic  compounds,  sucb  as  ammonin,  am- 
monium, and  the  platinized  bases ;  and  one,  carbonic  oxide  or 
oxnlyle,  the  chief  tendency  of  which  is  to  form  acid  compounds, 
snch  as  oinlic,  carbonic,  rhodiionic,  croconic,  and  mellitic  acids. 
Finally,  we  have  studied  three  ;  namely,  benzoyle,  salicyle  and 
cinnnDiyle,  whose  characteristic  is  to  form  essences  or  fragrant 
volatile  compounds,  with  hydrogen,  acids  with  oxygen,  and  pecu- 
liar compounds  with  chlorine,  iodine,  dec.  This  last  group  would 
appear  to  have  a  strong  tendency  to  form  acid  compounds :  for  not 
only  is  an  acid  farmed  by  the  union  of  salicyle  and  oxygen,  but 
the  byduret  of  salicyle  is  a  decided  acid,  and  may  be  represented 
as  salicylous  acid,  ChHjOj.HO,  isomeric  with  benzoic  acid, 
insteadofhyduret  of  salicyle,  CuHi  0*.  H.  Further,  the  chloride, 
bromide,  and  iodide  of  salicyle,  although  they  contain  salicyle, 
plus  those  elements,  are  all  strong  acids,  and  appear  to  be  in  (act 
anhydrous  salicylic  acid,  witli  1  eq.  of  chlorine,  dec.,  substituted  for 
I  eq.  of  oxygen.  It  is  evident  that  tins  group  of  radicals,  so  well 
characterized  by  their  hydrogen  compounds,  does  not  correspond 
einctly  to  any  simple  radical,  but  has  characters  common  to  differ- 
ent groups  of  elementary  radicals,  being,  however,  analogous  in 
more  points  to  carbon,  sulphur,  and  phosphorus,  than  to  any  other 
elements.  In  studying  the  decomposition  of  the  compounds  of 
salicyle,  we  have  met  with  the  very  remarkable  fact  of  the  pro- 
duction from  that  radical  of  a  series  of  compounds  :  namely,  anilio 
acid,  nitropicric  acid,  carbolic  acid,  &c.,  probably  derivatives  of  a 
totally  different  radical,  phenyle  ;  which  radical  is  also  met  with 
in  numerous  other  decompositions,  and  especially  in  the  decom- 
position of  indigo  by  ntlric  acid,  by  nlcalies,  and  by  heat,  and  in 
the  destructive  distillation  of  coal.  This  is  an  important  considei- 
atioD,  as  every  day's  experience  tends  to  identify  with  each  other 
the  prodnda  of  decompoaition  of  different  and  apparently  quite 
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nnconnected  organic  compouiids,  even  in  casea  where  these  pro- 
ducts have  been  described  as  different.  Another  very  important 
&ct  which  has  come  under  our  notice  is  the  occurrence  of  snlicy- 
lale  of  oxide  of  methyle  as  the  chief  ingredient  in  the  oil  of  gaul- 
theria.  Not  only  is  the  occurrence  of  snlicyhc  acid  interesting, 
■iace  this  acid  vras  only  known  before  as  nn  artificial  product,  but 
the  existence,  in  this  oil,  of  oxide  of  metliyle,  hitherto  only  known 
as  a  product  of  destructive  distillation,  goes  far  to  confirm  the 
theory  which  admits  this  radical,  methyle,  and  others  similar  to  it. 
AH  the  properties  of  the  oil  of  gaukheria  entirely  agree  with  the 
doctrine  of  its  containing  two  radicals,  methyle  and  aalicj'le  ;  the 
former  oxidized  as  a  base ;  the  latter,  also  oxidized,  as  an  acid. 
It  is  remarkable,  however,  that  even  this  compound  plnys  the  part 
of  an  ncid,  and  forma  crystalline  salts  with  the  alcalies  into  which 
it  enters  unchanged.  This  is  so  well  marked  a  character  that  the 
oil  has  been  called  gaultherio  ncid,  and  the  salts  gauliheratcs. 

We  now  proceed  to  conNder  that  group  of  radicals  to  which 
methyle  belongs,  and  which  are  analogous,  in  their  relations,  to 
inetals,  more  than  to  any  other  class  of  elements ;  forming,  like 
metals,  bases  with  oxj-gen.  This  group  contains  Ethyle.  Methyle, 
Amyle,  Glyccryle,  Celyle,  Allylc,  and  Cacodyle ;  besides  several 
radicals,  derived  from  the  decomposition  of  these;  ns,  Acetylt 
from  Ethyle,  Formyle  from  Methyle,  and  Aerylc  from  Glyceryle. 
These  latter,  however,  belong  to  that  group  which  arc  analo^us 
to  the  combustible  metalloids,  and  form  acids  with  oxygen,  instead 
of  bases,  like  the  radicals  from  which  they  are  derived,  and  in 
connection  with  which  they  shall  be  described. 

XVII.  Ethtle.  CtH«=Ae. 
Unknown  hitherto  in  a  separate  fonn  ;  but  very  well  known  aa 
anhydrous  oxide,  or  ether,  and  hydrated  oxide,  or  alcohol.  Theso 
compounds  have  not  yet  been  found  as  natural  products  of  vege- 
table life,  although  it  is  probable  that  the  fragrance  of  certain  fniitn, 
anch  as  pine-apples,  melons,  apples,  is  derived  from  compounds  of 
ethyle.  The  compounds  of  ethyle,  especially  alcohol,  are,  how- 
ever, very  abundantly  produced  by  the  fermentation  of  saccliarine 
vegetable  juices,  such  as  that  of  the  grape.  The  alcoholic  or  vin- 
ous fermentation  of  sugar  is  a  metamorphosis,  induced  in  the  sugar 
by  contact  with  yeast  or  ferment,  which  is  gluten  or  fibrine  in  a 
stale  of  decomposition.  In  this  metamorphosis,  the  particles  of 
the  ferment  only  act  m  communieatine  mechanical  motion  to  those 
of  the  sugar  :  they  do  not  jmn  the  eTements  of  the  sngar  in  pro- 
ducing new  compounds,  but  are  decomposed  separately  ;  while  the 
elements  of  the  sugar,  plus  a  small  proportion  of  the  elements  of 
water,  form  two  compounds,  alcohol  and  carbonic  add  :  ChHii 
Oi>  +  HO«S(C4H.,O-i-H0)-i-4CO,.  Gi»pe  sugar,  Ci. 
HuOi*,  loses  2  eq.  of  water  dnriug  fennentatioii,  yielding  oibm- 
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HiiOu,  18  coBvert«d  by  fermentatioa  into  alcohol  aod  carbooic  acid, 
without  loaing  or  gainiag  weight.  CiiHit Oii  =  S(Ci  H«  01)4* 
4C0>. 

1,  OzniB  or  Ethyle.    AeO  =  CiH(,0. 

Stm'.  Ethtr.  Sidpkurie  Ether.  —  Thb  coraponnd  is  obtained 
fiTHn  alcohol,  iU  hydrate,  by  hentin^  it  gently  along  with  sulphurie 
or  phosphoric  acid,  which  removes  the  water,  or  at  all  events  causea 
the  eepftration  of  the  ether  from  the  water.  The  best  process  ia 
aa  follows  :  5  parts  of  alcohol,  of  at  least  90  per  cent.,  are  mixed 
with  9  of  sulpDuric  acid,  and  the  mixture  introduced  into  a  retort, 
where  it  is  rapidly  heated  to  the  baling  point,  and  kept  at  that 
p<not,  while  by  means  of  a  bent  tube  passing  through  the  cork 
which  stops  the  tubulure  of  the  retort,  and  Aimished  with  a  stop- 
cock, frean  alcohol  is  allowed  to  enter  the  retort,  so  as  lo  keep  toa 
liquid  constantly  at  the  original  lerel,  flowing  in  exactly  as  foat  as 
the  ether,  iic,  distils  over.  The  products  are  condensed  in  ft 
powerful  refrigeratory,  such  as  Liebig's,  figured  at  p.  S96:  they 
consist  chiefly  of  ether,  with  water  in  such  proportion  as  would 
convert  the  ether  into  alcohol ;  and  a  very  little  alcohol,  sometimes 
none  at  all.  The  operation  may  be  advantageously  continued 
until  31  parts  of  alcohol  at  90  per  cent,  have  flowed  iuto  the 
retort,  and  of  course  an  equal  volume  of  ether  and  water  has  dis- 
tilled over. 

Tbis  process,  as  to  its  final  result,  may  be  (hna  expressed  :  Ao 
0,HO+8(HO,80j)=2(HO,  SO))  +  HO  +  AeO.  That 
is,  the  action  of  heat  and  oil  of  vitriol  has  caused  the  separation 
of  the  ether  and  the  water,  which,  together,  constitute  alcohol. 
And  it  is  to  this  view  of  the  change,  which  be  considers  one  of 
decomposition  by  contact,  that  Berzelius  applies  his  theory  of  a 
catalytic  force.  But  in  reality,  the  process  consists  of  two  stages : 
the  tirst  is  the  formation  of  bisulphate  of  oxide  of  ethyle  (sulpho- 
vinic  Hcid),  Ae  O,  H  0,  ZSO]  ;  and  the  second  is  the  decompo- 
sition of  this  by  heat,  into  Ae  O  and  H  0,  2  80s.  The  bisul- 
phate  is  formed  when  a  mixture  of  2  eq.  oil  of  vitriol,  1  eq.  alcohol, 
and  from  1  to  3  eq.  water,  is  heated  to  about  286°  ;  and  at  almost 
precisely  the  same  temperature,  the  bisulphate  is  decomposed, 
especially  if  the  liquid  be  kept  in  steady  ehulliticm.  Now,  the  bi- 
sulphate contains  anhydrous  sulpharic  acid,  ether,  and  water,  2  8 
Oi  -(-  Ae  0  -|-  H  O  ;  and  when  decomposed,  the  sulpharic  acid 
seizes  the  water,  thus  preventing  the  ether  from  uniting  with  it,  to 
reproduce  alcohol.  The  ether,  therefore,  distils  over ;  but  as,  when 
the  bisulphate  was  formed,  ether,  Ae  0,  displaced  water,  H  0, 
from  half  the  oil  of  fitriol,  so  now, when  the  bisulphate  is  decom- 
posed, and  while  its  water  is  retained  by  the  2  eq.  anhydrous 
acid,  the  vapors  of  ether  traverse  a  liquid  containing  oil  of  vitriol 
diluted,  both  with  the  water  displaced  from  the  other  part  of  it  by 
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tbe  ether,  and  with  tbo  irater  of  the  alcohol  (which  at  90  per 
cent  smounts  lo  2  eq.  for  one  of  ether,  one  combined   witii  tlie 

ether,  to  form  the  alcoliol,  the  other  servinf;^  to  dilute  it.)  Now  a 
Bulphuiic  ncid,  thus  fiir  diluted,  and  heated  to  a  tempenitiire  evi-n 
short  of  285°,  gives  off  water,  and,  therefore,  the  vapor  uf  ellier, 
in  pASsing  through  this  acid,  becomes  snturated  with  the  vapur  of 
wal^T,  vithout  combining  with  it,  and  thus  ether  and  waier  distil 
over  lo^^ther.  At  the  surface  of  the  boiling,  or  effervescing 
liquid,  Imwever,  the  ether  produced  by  the  decomposition  of  the 
bisulphnte  is  brought  into  contact  with  water  in  the  naaeent 
state,  also  derived  from  that  decomposidon,  and  in  this  manner, 
according  to  Liebig,  a  little  alcohol  b  reproduced,  and  distils  over 
with  the  ether,  the  ether  being  produced  m  tlie  bodj'  of  the  liquid, 
the  alcohol  only  at  lite  surface.  It  is  certain  that  a  little  alcohol 
generally  accoinpanies  the  ether,  even  in  the  most  successful  oper- 
ation ;  but  it  is  not  easy  to  see  how,  accordinj{  to  the  above  expla- 
nation, the  sulphuric  acid  which,  in  the  body  of  the  liquid,  is  able 
lo  prevent  the  ether  from  combining  with  water,  should  fail  to  do 
so  at  the  surface.  Tlie  ether  and  water,  it  would  appuxir,  arc 
equally  in  the  nascent  state  in  both  situations.  While,  therefore, 
we  admit  Liebigi's  very  beautiful  explanation  of  the  facts  conm.'ct- 
ed  with  the  production  of  ether,  we  cannot  feel  the  same  ceriainiy 
in  regard  to  his  explanation  of  the  simultaneous  occurrence  of 
alcohol.  It  will  now  be  seen  how  little  necessity  there  is  for 
resorting  to  the  mysterious  agency  of  catalysis  ;  for  the  change  is 
not  one  due  to  contact  alone,  but,  on  the  contrary,  one  depending 
(XI  strong  nffinilies  very  nicely  balanced,  and  influenced  to  a  very 
great  extent  by  tlie  degree  of  heat  employed.  The  idea  that  tlie 
contact  of  the  oil  of  vitriol  caused  the  ether  and  water  of  alcohol 
to  separate,  arose  from  the  circumsiunce  that  the  formation  of  the 
bisulphate  of  ethyle  takes  place  at  a  temperature  quite  close  to 
that  at  which  it  is  decomposed,  and  that  the  formation  of  the  bisul- 
phate in  this  process  had  been  overlooked. 

The  crude  ether  is  mixed  with  an  alcoholic  solution  of  potash 
so  as  to  render  it  alcaline,  and  distilled  in  the  vnpur-bath,  as  long 
08  the  Sp.  G.  of  the  product  does  not  exceed  0-725  at  80''.  The 
ether  is  then  digested  for  a  few  days  with  chloride  of  calcium,  or 
quick-lime,  and  rectified  once  more  with  one  of  these  substances. 
When  pure,  oxide  of  ethyle  is  a  colorless,  very  mobtie,  highly 
itfracting  liquid,  of  Sp.  O,  0-726  at  GO".  It  is  very  volatile, 
boiling  at  76°,  and  producing  intense  cold  by  its  evaporation.  It 
baa  a  pungent,  cooling,  aromatic  taste  ;  and  a  penetrating,  agreeable 
odor.  It  is  very  combustible,  and  its  vapor  is  apt  to  form  dan- 
verous  explosive  mixtures  with  air.  When  oxidized  slowly,  it 
yields  aldehyde,  atUehydic  acid,  acetic  and  formic  acids. 

EUier  is  used  in  mediciDe  u  i.  diffusible  stimulant,  and  in  chem- 
istry, u  >  ulTent,  especiklly  of  organic  matters,  such  as  tats,  fat 
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oils,  eswntial  oils,  resina,  some  ncids,  and  tome  bases.  Its  rapor, 
when  mixed  with  air  and  inhaled,  produces  a  species  of  coma,  or 
at  least,  in  most  cases,  insensibility  to  pain;  and  this  method 
is  now  resorted  to  to  facilitate  the  performance  of  severe  surgi- 
cal operatioDS.  Oreat  care  must  be  taken  to  avoid  the  approach 
of  A  light  to  the  mouth  of  the  patient  iDhaling  it,  which  might 
cause  explosion  of  the  gaseous  mixture,  or  infliimmation  of  the 
ether,  and  thus  inflict  a  fata)  injury.  Care  must  also  be  taken  to 
hare  air  enough  mixed  with  the  vapor  of  ether,  which,  if  inhaled 
alone,  would  cause  asphyxia. 

In  its  relation  to  other  bodies  it  exliibito  the  characlers^f  a  base, 
ueutrahzing  acids,  and  forming  compounds  which  are  subject  to 
the  laws  of  double  decomposition,  lilie  salts  of  inorganic  hases. 
These  salts  of  oxide  of  ethyle  are,  commonly,  ethereal  liquids, 
many  of  them  crystallising  at  low  temperatures,  and  a  good  many 
being  solid  and  crystalline  at  ordinary  temperatures.  They  are 
often  called  ethers  with  the  name  of  the  acid ;  as,  acetic  ether, 
benzoic  ether,  &c.  Those  ethers  which  contain  organic  acids  are, 
lor  the  most  part,  fragrant,  and  it  is  probable  that  many  fruits  owe 
their  fragrance  to  the  presence  of  the  ethers  of  organic  acids. 
The  melon  and  pine-apple,  as  well  as  the  apple,  have  exactly  the 
the  odor  of  some  such  ethers.  The  formula  for  the  salts  of 
oxide  of  ethyle  corresponds  to  that  for  the  salts  of  potash,  &c. 
Thus,  as  E  0,  A  represents  acetate,  and  K  O,  £>  benioate  of 
potash,  so  Ae  0,  a  or  Ae  0,  Ac  Oi ,  and  Ae  O,  gi  or  Ae  O,  Bz  0, 
represent  the  acetate  and  beoEoate  of  oxide  of  ethyle. 

The  analogy  between  ether  and  metallic  protoxides  is  farther 
shown  in  the  action  of  both  on  hydrochloric  acid  and  its  conge- 
ners ;  for  while  K  0,  with  H  CI  yield  H  0  and  K  CI ;  so  Ae  0  4- 
H  CI  =  H  0  -|-  Ae  CI ;  that  is,  ether,  with  hydrochloric  acid,  yields 
water  and  chloride  of  ethyle.  The  same  is  true  of  the  bromide, 
iodide,  &c.,  and  by  proper  means,  both  the  cyanide  of  ethyle, 
Ae  Cy,  and  the  sulphide  of  ethyle,  Ae  S,  may  be  obtained.  In 
short,  we  cannot  better  connect  and  classify  the  numerous  facta 
now  known  in  regard  to  ether,  than  by  adapting  the  view,  which 
considers  it  as  the  basic  oxide  of  ethyle,  a  compound  radical  very 
analogous  to  a  metal. 

8.  Bydrale  of  Oxide  <f  ElhyU,  Ae  O,  H  0  =  C4  H.  0,  H  O. 
Sm.  AicoAol.  —  This  compound  is  formed  when  ether  and  water 
meet  in  the  nascent  state,  as  we  shall  see  occurs  when  some  of  the 
acid  salts  of  ethyle  sLre  heated  or  otherwiae  deoomposed.  But 
practically,  it  ia  produced  entirely  from  sugar,  by  fermentation. 
The  juice  of  the  grape,  or  any  other  saoehanoe  juice,  or  an  infu- 
sion of  malt,  when  expoeed  to  the  air  for  a  short  time,  and  then 
to  a  temperature  of  from  40°  to  85°,  soon  enters  into  fermentation 
and  a  large  quantity  of  oarbonio  acid  is  given  off,  while  the  bu^ 
totally  disappears  and  alcohol  ia  found  in  its  place.     A  pure  aointion 
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of  sugar  in  wmter  does  not  ferment,  but  on  the  addition  of 
jeast  It  does  so.  Tlie  juice  of  the  grape  and  the  infusion  of  malt 
boih  contain,  besides  sugar,  some  boir  which  plays  the  part  of 
Tease,  or  ferment.  This  Is,  in  ihe  ^ntpe  juice,  tibrine,  and  in  the 
nuiit.  gluten,  both  of  vhich  readily  enter  into  putreiJAction,  when 
expo5«;d  to  air  and  moisture,  and  being  in  this  state,  their  particles 
in  motion,  this  motion  is  communicated  to  the  particles  of  sugar, 
and  the  existing  equilibrium  of  affinities  being  thereby  disturbed, 
new  compounds  are  formed,  in  this  case  ala^<d  and  carbonic 
acid. 

The  subject  of  fermentation  will  be  afterward  fully  discussed  :  in 
the  meantime,  it  is  to  be  observed  that  any  similar  substance,  in  a 
state  of  putrefaction,  will  induce  the  fermentation  of  sug^r ;  as, 
for  example,  putrefying  flesh,  blood,  milk,  cheese*  white  of  an 
egg,  urine,  ^c,  &c.,  and  that  none  of  these  ferments  contribute  to 
the  production  of  the  alcohol  or  carbonic  acid,  but  yield  ammonia 
and  other  products.  Crystallized  cane  sugar,  Ga  Hii  On,  requires 
the  elements  of  1  eq.  of  water,  to  yield  2  eq.  alcohol,  Gt  Kit  O4 
and  4  eq.  carbonic  acid  4  G  Os  =  G4  Oi  ;  and  grape  sugar,  Cit 
Hi4  Oh,  produces,  besides  the  alcohol  and  carbonic  acid,  2  eq.  of 
water.  Thus  we  have  Git  Hn  On  +  H  O  =  2  (G4  Ht  Os)  +  4  C 
0«;  and  GhHuOu  =  2  (C4  H«  Oi) +4  0  Oi  +  2H0. 

From  the  fermented  liquid,  which,  m  the  case  of  the  grape  juice, 
is  wine,  in  that  of  malt,  beer,  ale,  or  wort,  the  alcohol  is  separated 
by  distillation,  and  being  more  volatile  than  water,  it  predominates 
in  the  first  portions  distUled.  These  constitute,  when  from  wine, 
brandy;  when  from  a  fermented  infusion  of  malt,  whiskey;  and 
when  from  fermented  solution  of  molasses,  rum.  In  these  forms 
it  still  contains  30,  40,  or  more  per  cent  of  water  and  a  little 
volatile  odoriferous  oil.  It  is  again  rectified  and  the  first  portions 
distilled  are  colorless,  and  go  by  the  name  of  spirits  of  wine. 
After  another  rectification  they  are  called  rectified  spirits  of  wine. 
They  now  contain  only  alcohol  with  from  10  to  20  per  cent,  of 
water,  which  is  removed  by  digesting  the  spirit  with  quick-lime, 
and  distilling  ;  or  by  rectifying  over  dried  carbonate  of  potash,  or 
chloride  of  calcium. 

Pure  or  absolute  alcohol  is  a  colorless  mobile  fluid,  of  Sp.  G. 
O-TBd  at  60°,  and  boiling  at  173°.  It  has  a  burning  taste,  and  a 
pleasant  fruity  smell.  Rectified  spirit  of  wine,  that  of  90  per  cent, 
IS  very  similar  to  it,  having  the  Sp.  G.  0*825  to  0-836  :  ordinary 
spirit  of  wine,  at  70  percent,  has  tne  Sp.  G.  0*880.  Pure  alcohol 
has  never  been  frozen.  It  is  very  combustible,  and  produces,  ia 
burning,  a  very  intense  heat.  Hence  spirit  of  wine  is  much  uiied 
in  lamps  for  chemical  purposes.  Alconol  has  a  strong  attractioii 
for  water,  and  on  this  account  acts  as  an  antiseptic,  presenrinff 
animal  and  vegetable  substances  from  putrefioction.  The  stren|;t£ 
of  alcohol  is  ascertained  by  its  specific  gravity ;  and  all  chemical 
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voriu  contain  tables  of  th«  relation  between   the  denatj  of  the 
■pint  nnd  the  per  centage. 

Alcohol  is  a  powerful  diffusible  Btimulont,  and  baa  intoxicating 
properlies.  Il  is  much  nevd  as  a  solvent,  for  many,  indeed  moat 
vegetable  acids  and  bases,  for  volatile  oils,  for  resins,  and  for  many 
salts,  even  inorganic.  Most  deliquescent  salts  are  soluble  in 
alcohol,  as  are  ihe  caustic  alcalies  and  iodine.  Acids  act  on 
alcohol,  producing  the  compound  ethers.  Solutions  made  with 
proof  spirit  (a  mixture  of  equal  volumes  of  rectified  spirit  of  wine 
and  of  water,  Sp.  O.  0960),  are  called  Unctures. 

3.  Chloride  of  £tkylt.  Ae  CI  =  C4  H..  CI  — Is  prepared  by 
saturating  alcohol  with  hydrochloric  ncid  gas,  and  distilling  the 
mixture  in  the  vapor  bnth,  collecting  the  product  in  a  well  coaled 
receiver.  It  is  formed  as  fallows  ;  Ae  0,  H  O  +  H  01  =:  Ae  CI  + 
2  H  0.  It  is  dried  by  digestion  with  chloride  of  calcium.  It  is  a 
colorless  liquid,  iSp.  Q.  0674,  boiling  at  52°,  of  an  aromatic  odor, 
slightly  alhaceous.  When  exposed  lo  the  combined  action  of  chlo- 
rine and  the  sun's  rays,  it  yields  by  substitution  a  whole  scries  of 
chloriniied  ethers,  of  which  series  one  ejitremity  is  ether  (C«  Hi ) 
0;  and  the  other,  perchloride  of  carbon  (d  Cli)  CI  =  2  C9  Cli. 
With  an  alcoliolic  solution  of  protosulphide  of  potassium  K  S,  it 
gives  chloride  of  potassium  and  sulphide  of  ethyle  :  Ae  CI  +  KS 
»  Ae  S  +  K  CI.  With  hydrosulphide  of  sulphide  of  potassium,  it 
yields  mercaptan,  which  is  alcohol,  in  wWeb  all  the  oxygen  has 
been  replaced  by  sulphur  :  Ac  CI  -|-  K  S,  H  S  >>  K  01  +  Ae  8, 
H  S ;  the  latter,  mercaptaa,  being  analogous  to  Ae  O,  H  0. 

4.  £roniiit  ofEthyle —  Formed  by  distilling  bromine  with  alco- 
hol and  phosphorus.  These  are  first  formed,  when  the  materials 
are  mixed,  phosphorous  and  hydrobromic  acids,  and  the  latt«r 
when  heated  with  the  alcohol,  decomposes  it,  yielding  Ae  Br,  which 
resembles  the  chloride. 

5.  lodid*  of  £ti.yU,  Ael — Formed  by  a  similar  process,  is 
analogous  to  Uie  two  preceding  compounds. 

6.  SidpAide  <tf  J£uiyle,  Ae  S  —  Is  prepared,  as  above  slated, 
from  the  chloride  by  sulphide  of  potassium.  It  is  a  colorless 
liquid,  boiling  at  167°,  of  a  strong  onensive  alliaceous  smell. 

7.  ffydronlpkide  of  Sulphide  of  MhyU  or  Mercaplan.  Ae  S,  H  8 
=  Ct  H>  Sior  O4  Hj.S-j-HS.  — This  very  remarkable  com- 
pound is  formed  when  n  solution  of  the  double  sulphste  of  lime 
Mid  oxide  of  ethyle  fsniphovinate  of  litne)  of  Sp.  G.  1'88,  is  dis- 
tilled with  iu  own  bulk  of  a  solution  of  potash  of  the  same  density, 
previously  satnrated  with  sulphuretted  hydrogen,  and  converted 
mto  K  B,  H  8.  The  volatile  product,  after  digesting  it  with  a  little 
oxide  of  mercury  and  chloride  of  calcium,  to  remove  sulphnretted 
hydrogen  and  water,  b  mercaptan.  Its  formation  is  thus  explained  : 
(C«O,8Oi-l-A«0.80i)+KS,  H8=CaO,  BO)  +  KO,  8 
Qa4-Ae8,HS.      Pure  meresptan  is   a   colorless   liquid,   very 


376  SALTS    OF  OXtDR   OF    ETIIYLE. 

mobile,  boiling  at  '37°,  of  Sp.  G.  0-84(i.  It  has  h  most  penetrating 
and  ollensivi!  odor  of  onions,  as  it  were  concentrat(.-d,  whieh 
adWrus  obsiiniitdy  to  the  hair  or  cioilies,  so  that  it  is  most  un- 
pleasant to  experiment  upon.  As  above  mentioned,  it  is  formed 
from  alcohol  by  aub^titiiliun  of  sulphur  foroxyjjen  ;  and  as  alcohol 
is  the  hj-drate  of  oxide  of  ethyle,  Ae  0,  H  O,  mercnpinn  ia  the 
hydrosulphidc  of  the  sulphide  of  ethrle.  Ae  S,  H  S.  The  sulphide 
of  etiiyle,  AeS,  corresponds  to  the  oxide,  ether,  Ae  0. 

Mercaptan  acts  strongly  on  some  metallic  oxides,  especially 
those  of  the  noble  metals,  such  as  mercury,  gold,  platinum,  &c. 
The  metAl  takes  the  place  of  the  hydrogen  of  the  sulphuretted 
hydrogen  in  mercaptan  ;  thus  M  0  +  (AeS,  HS)  =  H  0+ (Ae 
S,  M  S).  The  red  onide  of  mercury  is  acted  on  by  mercaptan,  and 
converted  into  a  vhitc  crystalline  compound,  called  the  mercaptide 
of  mercury ;  oxide  of  gold  forms  n  gelatinous  white  mercaptide  ; 
and  oxide  of  lend  yields  lemon  yellow  crystals  of  mercaptide  of 
lead,  AeaPbS. 

MercnptAn  may  also  be  viewed  ns  H  +  Ae  Si ,  in  which  case  the 
above  metallic  compounds  will  have  the  general  formula  M  4~  Ac 
8i.  Here  the  supposed  radical,  the  mercaptum  of  Zcisc,  is  bisul- 
phide of  ethyle ;  so  that  on  either  view  mercaptan  is  connected 
with  ethyle. 

Zeise  has  described  under  the  name  of  thialic  oil  or  ether, 
another  very  fetid  compmmd,  which  seems  to  be  Ae  Si ,  or  persul- 
phide  of  ethyle. 

Selenide  and  cyanide  of  ethyle  are  both  volatile  alliaceous 
offensive  liquids,  formed  when  sulphate  of  elhyle  and  potash  ia 
distilled  with  selenide  or  cyanide  of  potassium.  Sulphocyanide 
of  potassium,  alcohol,  and  sulphurie  acid,  when  dissolved  together, 
yield  a  most  offensive  volatile  liquid,  supposed  to  be,  or  at  all 
events  to  contain,  sulphocyanide  of  ethyle.  It  will  be  observed 
that  all  these  compounds  of  sulphur  with  elhyle  and  similar  bodies 
KTC  charac(eri;ied  by  odors  resembling  that  of  garlic,  but  so 
iatcnse  and  penetrating  as  to  be  insupportable.  This  character  is 
observed  in  all  volatile  organic  compounds  of  sulphur,  whether 
artificial,  as  the  above,  or  natural,  as  oils  of  garlic,  assafcetida, 
horseradish,  &c. 

7.  Salts  of  Oxide  of  Ethtle. 

Oxide  of  ethyle  forma  both  neutral  and  acid  salts.  The  neu- 
tral salts  are  not  at  ordinary  temperatures  decomposed  by  other 
a&lts,  like  inorganic  saline  oompounds.  Thus  an  alcoholic  wlniioD 
of  chloride  of  calcium  does  not  cause  any  precipitate  in  an  alcohol 
■olutioD  of  oxalate  of  oxide  of  ethyle  or  oxalic  ether.  But  tbey 
are  eauly  decomposed  by  contact  with  hydrated  alcaliea,  the  Kcid 
uniting  with  the  atcali,  while  the  oxide  of  ethyle  seporatea  aa 
hydrate,  that  ia,  as  klcobol.    Thna  oxalie  ether,  C*  Oa,  Ae  O, 
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With  fajdrate  of  potasb,  K  0,  H  O,  yields  oxalate  of  poUsh  KO, 
Cs  0>,  and  hydrate  of  oxide  of  ethyle,  Ae  0,  HO. 

Oxidt)  of  ecbyle  has  a  very  ifreat  tendency  to  form  double  salts. 
Id  which  thpre  are  2  eq.  of  the  acid,  I  eq.  of  a  base,  and  1  eq. 
oxide  of  ethyle.  In  these  salts,  the  acid,  as  in  the  neutral  salts, 
cannot  be  detected  by  the  usual  tests ;  and  indeed  they  may  be 
viewed  as  simple  salts,  containing  a  compound  add,  of  which 
oiide  of  ethyle  is  a  coostiluenl,  united  to  the  inorganic  base. 
Thus  the  double  sulphate  of  ethyle  and  potasb,  K  O,  B  Oi  -<-  Ae 
0,  S  Oj,  may  be  viewed  as  sulphovinale  of  potash,  K  O  +  Ae  0, 
2  S  O]  ;  and  sulphovinic  acid  is,  on  this  view,  when  aeparaled, 
HO+AeO,  28  0,. 

The  acid  salts  of  ethyle  are  on  one  view  double  salts,  as,  for 
example,  the  double  sulphate  formed  of  sulphate  of  ethyle,  Ae  O, 
SO),  with  sulphate  of  water,  HO,  SOi.  On  the  other  view, 
they  are  compound  or  coupled  acids,  and  the  above  example 
becomes,  as  mentioned  in  the  last  paragraph,  sulphovinic  acid, 
H  0  +  ( Ae  O,  2  S  Oi ),  the  hydrate  of  a  compound  of  anhydrona 
sulphuric  acid  with  ether.  These  acid  salts  are  decomposed,  by 
boiling  with  water,  into  alcohol  which  diauls  over,  and  hydrated 
acids  which  remain  behind.  When  distilled  with  the  salts  of 
volatile  acids,  they  yield  the  ethers  of  those  acids  ;  furmiale  and 
acetate  of  ethyle  may  be  thus  obtained.  When  an  acid  salt  of 
ethyle  is  heated  with  acids  not  volatila^it  often  happens  that  the 
ethers  of  these  acids  are  obtained  :  this  is  the  case  with  the  &Uy 
acids  and  with  some  others, 

8.  Add  Sviphata^  Oxide  of  EthyU,  HO,  80,  +  AeS Oi- 
ls also  called  sulphovinic  acid,  H  O  +  (AeO,  2S  Oj).  Sol- 
phoric  acid  forms  no  neutral  compound  with  oxide  of  ethyle.  The 
add  salts  is  formed  when  the  vapor  of  ether  is  conducted  into  oil 
of  Titriol,  or  when  oil  of  Titriol  is  mixed  with  alcohol  and  heated 
to  a  certain  point  To  obtain  it  pure,  the  double  sulphate  of 
ethyle  and  baryta  (  sulphovinate  of  baryta)  in  solution,  is  decom- 
posed by  sulpharic  acid,  and  the  filtered  liquid  ia  a  solution  in 
water  of  the  acid  sulphate.  It  has  a  very  sour  taste,  and  cannot 
be  concentrated  by  evaporation,  whether  at  the  ordinary  tempera- 
ture or  with  the  aid  of  beat,  without  being  decomposed  into 
alcohol  and  sulphuric  acid.  It  forms,  with  most  bases,  crystalliza- 
ble  double  salts,  which  are  all  soluble,  so  that,  for  example,  the 
addition  of  baryta  causes  no  precipitate  if  the  acid  be  pure.  As 
the  acid  sulphate  itself  is  called  sulphovinic  acid,  so  these  double 
■alts  are  called  sulphovinales.  It  is  because  all  these  salts  are 
Boluble,  that  the  usual  tests  cannot  detect  the  sulphuric  acid  they 
eontain.  When,  however,  their  solutions  are  boiled  with  a  little 
hydrochloric  acid,  alcohol  is  given  off,  and  then  the  sulphuric  acid 
nay  be  detected  as  usual.  All  these  salts  are  decomposed  by 
beat,  yielding,  according  to  the  temperature,  double  siuphale  dT 
32 


878  KITBOUS    ETHEK. 

ethyle  and  elhorole,  alcohol,  sulphurous  ncid,  olefiant  gas,  and  a 
sulphate  as  residue,  mixed  with  charcoal.  When  healed  with 
hjaratt^d  alcaliea.  ihcy  yield  itulphates  and  alcohol.  The  double 
snlphitle  of  ethyle  and  potash  crystallizes  in  shininij  scales,  which 
are  Ihe  anhydrous  salt.  K  0.  SOa  +  Ae  0,  S  Oj.  The  baryta 
salt  contaios  2  eq.  of  water  of  crystallizntion,  and  forms  beautiful 
tabular  crystals,  as  do  also  the  salt  of  lime,  and  the  salt  of  leail, 
both  of  which  likewise  contain  2  eq.  of  water.  These  three  sails 
ore  all  composed  according  to  the  formula,  M  O,  S  Oj  ~{-  Ae  0, 
SOs  +  2  eq.  water. 

9.  Acid  PhoipkaU  of  Oxide  of  Eiliyle —  Or  phosphovinic  acid. 

Pi  Ot  'taun  i^  formed  in  the  same  way  as  sulphoTinic  acid, 
aod  obtained  pure  from  the  double  salt  of  baryta,  Pi  Oi  \  g-a  q 
-|-  ISHO.  It  is  a  tolerably  permanent  acid,  decomposed  only 
br  a  high  temperature.  With  bases  jt  forms  double  salts,  in 
Wnich  the  S  eq.  watvr  of  the  acid  are  replaced  by  2  eq.  of  a 
protoxide.  The  baryta  salt,  the  formula  of  which  U  given 
ftbove,  cryBUilliEcs  in  pearly  scales. 

OriDE  OF  ETUTLB  WITH  NITBIC  ACID. 

10.  NiTEATB  OF  Oxide  of  Etbyi-k.  Ao  0,  N  0». 
When  8  Quid  ounces  of  alcohol,  and  1  fluid  ounce  of  pure  nitric 
acid,  of  Sp.  Q.  1-4.  arc  distilled  together,  with  the  addition  of  10 
'  or  20  grams  of  urea,  to  destroy  any  nitrons  or  hyponitrous  acid, 
the  distillation  proceeds  calmly  and  emoothly,  and  the  distilled 
Uqnor  contains  wat«r,  alcohol,  and  nitrate  of  ethyle,  which  partly 
separates  toward  the  end  of  the  process,  as  a  heavy  oily  stralnm, 
and  is  more  completely  separated  by  the  addition  of  water.  It  is 
■  oolorleM  liquid,  of  Sp.  G.  1-t1S  ;  which  boils  at  18£°,  and  is 
inflammable,  burning  with  a  bright  white  flame.  It  is  quite  insol- 
uble in  water  but  very  soluble  in  alcohol ;  and  it  possesses  a 
pleasant  smell  and  sweet  taste.  An  alcoholic  solution  of  potash, 
oonrerts  it  into  alcohol  and  pore  nitrate  of  potash. 

11.  Hyfohitsite  of  Oxide  of  BTurLB.  AeO,NOs. 
Stk.  yitrout  Ethtr.  Nkrie  Ether.  —This  is  best  prepared  in 
n  state  of  purity,  when  a  current  of  h3'ponitrous  add  vapors, 
derived  from  starch  and  nitric  acid,  is  passed  through  weak  alco- 
hol, the  product  being  condensed  in  Liebig's  refrigeratory.  The 
ether  is  washed  with  water,  and  dried  by  means  of  chloride  of 
caleinm.  The  whole  apparatus  must  be  kept  cold,  otherwise  the 
action  is  too  violent,  and  the  results  very  complex.  When  nitrons 
ether  is  made  by  the  usual  processes,  in  which  ordinary  nitric  &cid  is 
mixed  with  alcohol,  the  product  always  contains  a  large  proportion 
of  aldehyde,  and,  in  fact,  very  little  of  the  trua  ether.     The  Bclioa 
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in  this  case  is  as  follows :  SfCi  H.  Ot)^  KOi=  C.  HiO.HO 
(8ldehyde),+3HO+(C<  H.,0+NO.).  The jjnre hyponilrons 
ether,  prepared  by  Liebig's  process  given  above,  is  a  pale  yellow 
liquid,  boiling  at  62°,  of  Sp  G.  0.947,  It  has  a  very  agreeable 
odor  of  rennet-apples.  With  an  alcoholic  solntion  of  potash,  it 
yields  alcohol,  and  pure  hyponilrite  of  potash.  The  sweet  spirit 
of  nitre  or  spiritiis  Eetheris  nitrosi  of  the  pharmacopceia,  ia  a  solu- 
tion of  the  impure  hyponitrous  etber  in  alcohol. 

13.  Carbohate  or  Oxide  of  Etbtle,  AeOjCOs. 
Stn.  Carbonic  Elhtr. — When  oxalic  ether  is  acted  on  by  potas- 
Num,  there  are  formed  several  producta,  one  of  whicfa  is  this  ether. 
When  pure,  it  is  an  aromatic  liqnid,  of  Sp.  G.  0-976,  boiling  at  260°. 
An  alcoholic  solution  of  potash  converts  it  into  alcohol  and  car- 
bonate of  potash.  Chlorine  acts  on  it,  forming  products  to  bv 
described  when  we  treat  of  iha  action  of  chlorine  oo  ethen  gener- 
ally. 

13.  DouUt  Carionalt^  Ethyltand  PoUak,KO,COt  +  AeO, 
C  Oi ,  —  Is  formed  when  dry  carbonic  acid  goa  is  passed  througfa 
an  alcoholic  aotntion  of  fused  potash.  A  saline  mass  is  obtained, 
from  which,  after  washing  with  ether,  alcohol  dissolves  the  doubls 
salt,  leaving  carbonate  and  bicarbonate  of  potash.  The  double 
salt  forms  pearly  scales,  which  are  decompoeed  by  water,  into 
alcohol  and  bicarbonate  of  potash. 

14.  OxataU  (^  OziiU  if  Stk^e.  AeO.Ci  Oi.  Stv.  Oaalie 
Ether.  —  This  ciher  is  formed  by  distilling  4  paria  of  auperozalats 
of  potash,  6  of  oil  of  vitriol  and  4  of  alcohol  at  90  p.  c.,  misiag 
the  product  with  4  times  its  bulk  of  water,  and  washing  with  water 
the  ether  which  separates,  until  alt  free  acid  is  removed.  The 
ether  is  then  rectified.  It  is  a  colorless  liqnid,  of  Sp.  6.  1.093, 
boiling  at  364°.  It  has  an  aromatic  smell.  If  pure,  it  may  be  kepi 
under  water  ;  but  if  a  trace  of  alcohol  or  oxalic  add  be  preaent, 
it  is  soon  resolved  into  oxalic  acid  and  alcohol  when  in  contact 
with  water.  Fixed  alcaKes  catue  the  same  change.  When  an 
excess  of  ammonia  is  added  to  it,  oxamide  is  formed :  where 
the  etfaer  is  in  excess,  there  is  formed  a  substance  in  beautjfiil 
pearly  tables,  formerly  called  oxamethanc,  but  now  proved  to  be 
oxamate  of  ethyle.  These  two  reactions  are  easily  explained.  In 
the  first  case,  Ae  0,  C>  0, -t-N  Ha  =  (Ae  O.HO) -f  (C,  O,,  N 
Hi ).  In  the  second,  half  the  ether  undergoes  the  above  change, 
and  the  otber  half  combines  with  the  oxamide  formed  :  Ae  O,  C* 
0)  -f  C.  O..  N  H,  =  Ae  0,  C.  N  H.  0..  Chlorine  acta  on  ox- 
alic ether,  giving  rise  to  products  which  will  be  hereafter  described 
along  with  the  results  of^the  action  of  chlorine  on  other  ethers. 

When  to  an  alcobolio  solution  of  oxalic  ether  there  is  added 
enough  of  an  alcoholic  solution  of  potash  or  soda  to  decompose 
the  luJf  of  the  ether,  donble  salts  are  obtuned,  of  the  fbnnnla 
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M  O,  C2  O3  +  Ae  O,  C2  O3.  When  the  alcoholic  solution  of  the 
double  oxalate  of  ethyle  and  potash  is  treated  by  fluosilicic  acid 
there  is  obtained  the  acid  oxalate  of  ethyle,  H  O.Ca  O3  -{"-^^O* 
Ca  Oa,  which  is  often  called  oxalovinic  acid.  The  salt  of  potash, 
KO,  C2  O3  +  (Ae  O,  Ct  O3)  (oxalovinate  of  potash)  forms  crys- 
talline scales,  soluble  in  alcohol,  The  oxalovinate  of  baryta  is 
extremely  soluble,  and  may  be  used  to  furnish  the  other  oxalovin- 
ates,  by  acting  with  it  on  the  soluble  sulphates  of  dififerent  bases. 

15.  Oxamaie  of  Oxide  of  Ethyle,  Cs  N  H?  0  =  Ae  0,  C4  N 
Ha  O5  =  Ac  0,  Ca  O3  +  Ad,  Ca  Oa  — Is  formed,  as  above  stated, 
when  ammonia  is  cautiously  added  to  an  alcoholic  solution  of  oxalic 
ether,  until  a  white  powder  (oxamide)  begins  to  appear.  The 
liquid  now  yields  6ne  pearly  tabular  crystals,  formerly  called 
oxamethane.  It  now  appears  to  be  oxamate  of  ethyle,  but  may 
also  be  viewed  as  oxalate  of  ethyle,  plus  oxamide.  By  an  excess 
of  ammonia,  it  is  converted  into  alcohol  and  oxamide.  The  action 
of  ammonia  on  oxalic  ether  has  been  explained  above. 

16.  Stilphocarbonaie  of  Ethyle  and  PFoter,  Ae  0,  H  O,  2  C  Sa .  — 
When  bisulphide  of  carbon  is  added  to  a  strong  alcoholic  solution 
of  potash,  a  salt  is  obtained,  in  colorless  or  yellow  needles,  which 
is  a  double  sulphocarbonate  of  ethyle  and  potash,  K  O,  C  Sa  +  Ac 
O,  CSa.  When  this  salt  is  acted  on  by  diluted  sulphuric  or 
hydrochloric  acid,  there  is  obtained  a  heavy  oily  liquid.  This  is 
the  acid  compound  in  question,  HO,  C Sa  -|-  Ae O, C Sa,  formerly 
called  xanthic  acid,  from  the  yellow  color  of  its  salts.  With  bases 
it  ^ves  rise  to  double  salts,  like  that  of  potash,  just  mentioned, 
which  were  called  xanthates.  The  salt  of  protoxide  (suboxide)  of 
oopper  is  lemon  yellow. 

17.  AllophanaU  of  Oxide  of  Elkyle  —  This  compound  is  formed 
when  the  vapor  of  hydrated  cyanic  acid  is  brought  in  contact  with 
a  mixture  of  ether  and  alcohol.  It  forms  brilliant  prisms,  which 
may  be  purified  from  cyamelide  by  being  dissolved  in  boiling  alco- 
hol, or  in  boilnig  water.  Its  formula  is  Ct  Na  Ht  Oe  as  C4  Hs 
OiC4NaHt05.  It  was  formerly  supposed  to  consist  of  2  eq. 
hydrated  cyanuric  acid,  3  eq.  oxide  of  ethyle,  and  3  eq.  of  water ; 
and  it  is,  in  fact,  resolved  by  heat  into  alcohol  and  cyanuric  acid. 
But  Liebig  and  Wuhler  have  shown  that  it  is  composed  of  oxide 
of  ethyle  and  of  a  new  acid,  namely,  anhydrous  allophanic  acid, 
C4  Na  Ha  O5.  The  former  view  was  quite  anomalous,  since  oxide 
of  ethyle  unites  only  with  anhydrous  acids  ;  and  the  latter,  there- 
fore, brings  the  compound  into  the  ordinary  category  of  compound 
ethers. 

Allophanic  acid  is  unknown  in  the  hydrated  or  separate  state, 
the  formula  of  which  would  be  C4  Na  Ha  O5,  H  O  =  C4  Na  H4 
Oe .  It  forms  crystallizable  salts  with  baryta,  potash,  and  soda  ; 
but  when  we  attempt  to  isolate  it,  it  is  resolved  mto  urea  and  oar- 
b<»iicacid:C4N9H40t«CaNtH4  0s+2COt.   AUophanio 
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acid  is  produced  by  the  action  of  2  eq.  of  hjdrated  cyanic  acid 
on  1  «q.  of  alcohol.  Tlie  wuter  of  ih«  alcoho],  added  to  the 
cyanic  acid,  produces  the  new  acid,  which  combines  with  the  oiide 
of    ethyle.      Thus,   2  C,  N  0.  H  0  +  C,  H.  0,  H  0  =  C«  H.  0 

-|-  Ct  N]  Hi  Ol .       Ujdntvl  cjuk  tela.  AlcDhoL  OiUe  of  itlijU. 

AlLophvilc  kU. 

1 8.  BeazoaU  of  Oxide  of  Ethyk,  or  Benzok  Ether,  Ae  0,  Bz  0,  — 
Is  best  formed  by  dialilling  4  parts  of  ulcohol,  S  of  benzuic  acid, 
and  1  of  strong  hydrochloric  acid.  The  ether  distils  over  with 
alcohol,  from  which  water  separates  it.  When  pure,  it  is  an  oily, 
colorless  liquid,  of  el  faint  agreeable  aromatic  odor,  and  an  acrid, 
spicy  idste.  Its  Sp.  O.  is  1054,  and  it  bolls  at  about  410°.  Chlo- 
rine decomposer  it,  giving  rise  to  several  products,  probably  by 
substitution. 

19.  ffippurate  of  Oxidt  of  Etkylt,  or  Bippurie  Ether,  C4H»,0 
-|-  CiaN  Hi  Oi,  —  Is  formed  by  passing  a  current  of  hydrocblorio 
acid  gas  through  n  solution  of  hippuric  ucid  in  alcohol,  and  heating 
the  miiture  for  some  time  near  to  its  boiling  point.  The  addition 
of  wat«r  separates  a  thick,  heavy  oil,  which  when  purilied  from 
alcohol  ana  hydrochloric  acid,  and  placed  in  vacuo,  along  wiUt 
sulphuric  acid,  forma  a  solid  crystalline  mass,  composed  of  silky 
needles.  It  is  decomposed,  like  other  ethers,  by  alcalies,  and  by 
boiling  with  water. 

20.  SalkylaU  o/  Oi^dt  of  EthyU,  C.  H»,  O  +  C.  Hi,  Oi,— 
Is  obtained  by  distilling  2  parts  of  alcohol,  l^of  salicylic  acid, 
and  t  of  sulphuric  acid.  When  purified  from  alcohol,  acid,  and 
water,  it  is  a  colorless  oily  fluid,  haviug  a  sweet  smell  like  that  of 
the  corresponding  compound  of  mcthyle.  which  occurs  naturally 
in  the  oil  of  gaukheria  procumbens.  It  is  heavier  than  water,  and 
boils  at  437°.  Like  the  oil  of  gaultheria,  it  plays  the  part  of  an 
acid,  forming  with  bases  crystallized  soluble  salts.  When  expoMd 
to  a  high  temperature  with  caustic  baryta,  it  yields  carbonic  acid, 
and  an  oil  analogous  (o  that  obtained  from  the  methyls  compound, 

Srobably  Cia  H»  Og.  When  fuming  nitric  acid  is  addud,  drop  by 
rop,  to  the  salicylic  etlier,  it  dissolves  it  with  a  deep  red  color; 
water  now  separates  an  oil,  which  soon  concretes  into  a  solid  mass, 
which,  when  dissolved  in  hot  alcohol,  yields,  on  cooling,  yellow 
silky  needles.  These  are  iudigoial*  or  anilale  of  oxide  of  ethyte, 
C>Hi,0+ChNHi  Ot.  By  the  farther  ocUon  of  nitric  acid, 
carbfueotic  or  nitropicric  acid  is  obtained.  The  indlgotic  ether  dis- 
solves in  potash  and  soda,  apparently  like  the  salicylic  ether, 
playing  the  part  of  an  acid.  Indigoiio  ether  does  not  dissolve  in 
ammonia;  left  in  contact  within  close  vessels,  it  dnally  disappears, 
alcohol  is  reproduced,  and  there  is  -formed  a  new  product,  anila- 
mide,  CuNt  H*  Ot,  which,  when  pure,  forms  brilliant  yellow 


,   Ckloro-mrAmic£iAtr,  C.  H.  CI  0.  =  C.  H.,  0  +  C, 
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erystals.  When  boiled  with  potash,  nnil amide  yields  anilnle 
(indi^tnte)  of  pottish,  and  pve»  off  ammonin  ;  for  Cm  Ni  Hb  0* 
-f-2HO  =  NH3  +  CuH.  NO'.HO.  Bromine  acts  on  salicy- 
lic ether,  producing  two  compounds ;  nionobromuretted  ealicylic 
ether,  0,.H»  BrO.  =  C.    |  g^'O  +Ci*H.  Oi  ;  and  bibromuret- 

l«d  sahcylic  ether,  C.  H.Br.  0.=C.   j  3',**+  ^'.HiO.. 

The  former  crystallizes  in  fine  needles,  the  latter  in  lat^  pearly 
scales,  which,  when  melted,  form,  on  cooling,  a  most  beautiful 
cryatalliEation,  formed  of  large  and  perfect  cubes,  like  those  of 
biamuth. 

OOMFOUKDS  or  ETHTLI  OP   UNCIRTUH    COKBTITUTION. 

(0, 

Ici? 

Formed  when  absolute  alcohol  is  placed  in  contact  with  chloro- 
ovbonic  acid  gas.  It  appears  as  an  oily  liquid,  of  Sp.  G.  1'13.1, 
boiling  at  S00°.  It  is  formed  as  follows  :  i  e<j.  of  chlorocorboaio 
Rcid  and  1  of  alcohol,  losing  1  eq.  bydrochlonc  acid,  yield  1  eq, 
of  the  new  ether :  Ci  Oi  Clj  +  C4  H.  0,  =  H  01  +  C.  H.  01 
0*.  It  may  be  viewed  as  a  compound  of  oxide  of  ethyle,  with 
a  peculiar  acid,  Ci  j~^.or  ascarbonicether,  C)  Ht  0,  plus  1  eq. 
cblorocarbontc  acid,  C  j™ 

2.  Urethant,  Syn.  Carhamaie  of  Oxide  ^  St&yk.  Carbamie 
Sther.  C«  Ht  N  O^  —  Is  formed  by  the  action  of  ammonia  on  the 
preceding  compound,  along  with  sal  ammoniac,  from  which  il  is 
separated  hj  being  sublimed,  or  rather  distilled,  when  it  passes 
over  at  a  gentle  heat,  as  a  liquid  which  crystallizes  on  cooling. 
It  is  very  soluble  in  water  and  alcohol,  and  yields  very  large  crys- 
tals. It  may  be  viewed  as  chlorocorbonic  ether,  in  which  amide, 
KH*,  has  been  suba^tuted   for  the  chlorine:    CtHi,0-|-C> 

JnH.  It  is  f*>"n«*  »  folio*' ■  C.H.  C10,+2NHs,  =  (H 
H.,HC1)  +  C.H,K0.. 

Berzeliua,  with  much  probability,  considers  it  as  a  com- 
pound of  oxide  of  elhyle  with  an  acid,  not  yet  known  in 
the  separate  form,  contAining  the  elements  of  carbonic  acid 
and  carbamide,  just  as  oicamic  acid  does  those  of  oxalic  add  and 
oxamide.  On  tliis  view  its  rational  formula  will  be  C4  iHO 
+  CO.,CONH,  =  C.H"HiO*.  > . ' 

■ ■ '  OiUaaf(thrih 

CtebunJo  Hfld. 

It  ia  remarkable  that  two  other  compoonds,  quite  dislinet  in  pro- 
perUes,  have  the  same  em|)irical  formula  as  urethane  or  oarbamio 
«ther.    Thess  are,  laetamide,  or  anbTdroni  hctato  of  ammonia, 
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0(H4O«  +  NH9 ;   and  sarcoaine.  C<NHt  0*,\  new  bua, 
derived  from  kreatine.     (See  Artiticial  Alcaloida.) 

■UTAHOHPaOBBB   OF  TBB   COMFOUKDa  or  ETHYU. 

When  ether  or  alcohol  U  passed  in  rapor  Uirough  a  red-hot 
tnbe,  it  yields  aldehyde,  wnter,  olefiant  gas,  and  marsh  gas :  3  (C* 
Hi  O)  =  C4  H.  0,  +  H  O  +  3  C,  H»  +  C.  H. ;  or  2  (C,  Hi 
0)  =  C  .  H<  O.  -f  Cj  H,  4-  Cs  H*.  By  Uie  aetion  of  chloride 
of^zinc  on  alcohol,  there  are  formed  water,  and  two  liquid  carbo- 
hjdrogens,  Ci  H7  and  C*  Ht,  toother  CwHk,  that  is,  olefiant 
gas,  or  an  tsbmertc  modification  of  it.  Now  ether  and  alcohol  both 
contain  the  elements  of  water  and  of  olefiant  gas  ;  for  alcohol  is 
C4H«Os=2HO  +  C*H»  ;  and  ether  i«  C.  Hi  0  =  H0  + 
C.H4. 

In  the  maoufiwtnre  of  ether  there  occur  two  liqaids,  one  of  which 
is  called  (ril  of  wine,  which  is  Cii  Hu  or  very  nearly  the  proportioni 
of  olefiant  gaa,  according  to  the  only  analysis  we  have.  The  other 
is  called  the  sweet  or  heavy  oil  of  wine,  and  is  a  compound  of  enl- 
phnric  aud  with  ether,  and  a  body  having  the  same  compo«tion 
m  100  parts  as  olefiant  eas.  SweeCoil  of  wine  is  ZSa  0  + AeO 
-{-  C«  H4  ;  and  as  this  Dody,  C4  H*  Is  called  etherole,  the  com- 
pound is  named  the  double  sulphate  of  oxide  of  ethyle  and  of 
etherole.  This  latter  is  prodneed,  along  with  snlphovinic  acid, 
from  the  reaction  of  4  eq.  dry  sulphuric  acid  and  3  eq.  ether  :  4 
8  0,  +  3  Ae  0  =  (2  8  0, ,  Ae  O.  H  0)  +  (8  8 0 J ,  Ae  0,  C,  H4 ). 
The  same  compound  is  formed  when  sulphovinate  of  lime  is  healed, 
but  is  accompanied  by  alcohol,  snlphurons  acid,  olefiant  gas,  and 
a  residue  of  sulphate  of  lime  and  charcoal  :  2  (Oa  0,  Ae  0,  K  S 
0,)  =  {2aOj,AeO,  C,  H,)  +  HO  +  2(CaO,SO.);  and 
again,  2  (Ca  0,  Ac  0,  SSOs)  =  2  (CaO,  SOi)+ 280>  +  C« 
II.  O. +  C.  Hi  +  C, +  2H0. 

The  sweet  oil  of  wine  is  an  oily  liquid,  quite  neutral.  It  bcMls 
at  536°,  and  has  the  Sp.  G.  1-133.  When  heated  with  water  it 
gives  o^  etherole  as  an  insoluble  oil,  while  the  liquid  contains  puri 
sulphovinic  add.  When  the  etherole,  thus  separated,  is  exposed 
to  cold,  it  deposits  crystals  of  etherine,  a  compound  isomeric  witb 
etherole  and  wilh  olefiant  gaa. 


iscrBioinc,  mniosic.  Am  ALmiono  acids. 
These  acids  are  formed  bv  the  action  of  sulphuric  acid  on  ether 
and  alcohol  under  various  circumstances.  When  anhydroua  acid, 
SO3,  acts  on  alcohol,  or  when  olefiant  gas  is  absorbed  by  that  dry 
acid,  there  is  formed  a  compound,  2S0j  +  C4  H«,  in  crystals, 
which,  when  pat  into  cold  water,  prodnce  ethionic  acid,  SSOi, 
C*  Hi  0.  When  this  solution  is  healed,  2  eq.  of  sulphuric  add 
and  1  of  alcohol  separate  from  one  haJf,  and  there  is  formed  from 
the  other  half  iseth ionic  acid,  2  8O1,  Ct  H>  O,  or  rather  8i  0* 


C4.  Hi  Oa.     FHiinnite  of  barxtm,  formed  by  adding  hmrjU  to  the 

acid  b<a.w  boiling,  b  2S  O3,  C*  Hi  O,  Ba  O.     From  it  all  the 

otiwr  <fChioa.^tes  mav  be  made.     The  salts  of  isethionic  acid,  like 

Uig«?e  of  ewhiooic  aetd.  hare  the  same  composition  in  100  parts  as 

tbtf  sttlphovin^tes ;  ba(  as  they  contain  hvposulphuric  acid,  their 

fcrmuU  i*  S«  O*,  C*  H»  O,  +  M  O.      They  crystallize  with  re- 

ttark^ble  J^*tU(T      When,  in  acting  on  ether  with  anhydrous  sul- 

phiiric  acid,  the  mixture  gets  too  hot,  there  is  formed  a  new  acid, 

mirthioQic  acid*  the  bar>-ta  salt  of  which  is  Sa  Ca  Hs  O7,  Ba  O, 

«r  ^  0>  C»  Ha  Oa  +  Ba  O.      This  acid   apparently  bears    the 

«MMe  rx^Utioa  to  oxide  of  methyle,  Ci  Ha  O,  as  isethionic  does  to 

•wr.  C4  H*  O,     When  oil  of  vitriol  in  great  excess  is  heated 

with  al<vbv4.  oletiant  eas  is  given  off,  and  uie  residue  is  found  to 

cvxit^in  an  acid«  the  salts  of  which  have  the  very  same  composition 

as  the  sttlpliovinates^  bat  differ  in  crystalline  form.     This  acid  is 

cal  W  althknuc  acid.     It  is  highly  probable  thai  the  althionates  are 

Mixturvs  or  compounds  of  sulphonnates  with  isethiooates,  just  as 

the  Sj^t»  of  ethionic  acid  appear  to  contain  suldborinates  and  ise- 

ihkHxate^  or  cvHnpoonds  tscNOfteric  with  these.    The  two  compounds 

which  s^^rm  to  be  dktinci  and  independent  are  sulphovimc  acid, 

^A.ev\  H  V\TiSO^).  and  isethionic  acid,  isomeric  with  it,  but 

]^>b<Jkb:Y  arran^  as  (H  O.  Ae  Oa,  S*  Oi );    the   salts  of  the 

Kvrwcr  b<tnj:  stnctlr  double  sulphates  of  etbyle  and  bases  (MO, 

SO*  -r  Ac  O,  SOa"):  and  those  of  the  latter  being  M  O  +  (Ae 

Oi.  St  O*  ).     Whatever  explanation  may  be  given  of  the  fact,  it 

t»  a  llaet*  that  the  ethionic  and  althionic  acids  and  their  salts  have 

the  same  empirical  composition  as  these  two  acids  and  their  salts, 

at  Wast  according  to  the  best  analyses  we  have. 

moDrcTS  OP  thx  oxidation  of  sthtlk  and  its  derivatiyss. 
The  oxidation  of  alcohol  and  of  ether  may  be  effected  in  a  great 
varietT  of  ways,  and  the  products  are  rather  numerous,  varying 
according  to  the  amount  of  oxygen  taken  up.  Thus  we  have, 
fir^t  aldehyde,  then  acetic  acid,  formic  acid,  oxalic  acid,  and 
finally  carbonic  acid  and  water.  The  first  effect  of  oxidation  is  to 
destroy  the  radical  ethyle,  giving  rise  to  a  new  and  less  complex 
radical  acetyle  =  C*  Ha.  Afterward  we  obtain  compounds  of 
the  still  less  complex  radical,  formyle,  =  Ca  H,  and  lastly, 
compounds  of  the  simple  radicals  carbon  and  hydrogen. 

We  shall  here  consider,  first,  the  radical  acelyle  and  its  com- 
pounds :  bearing  in  mind  that,  while  derived  from  the  basic 
radical  ethyle,  acetyle  has  no  basic  characters  whatever,  but  is, 
on  the  contrary,  a  most  distinctly  acidifiable  radical. 

XVII.  Acetyle.     C4  H3  +Ac. 
Acetyle  is  unknown  in  a  separate  form,  but  is  easily  obtained 
in  the   form  of  hydrated  protoxide,  or  aldehyde,  and  hydrated 
peroxide,  or  acetic  acid. 


Aiatmwra.  ww 

1.  Htdkatbd  Oxidb  or  Acbttle,  ob  Aldeutor.  I.C4  Hj)  O,  H  O. 
=  AcO.HO. 

Aldebyde  is  formed  when  etber  or  alcohol  is  pansed  throngh  n 
red-hot  tube,  or  when  ether  or  alcohol  are  oxidiied  by  nitric  acid, 
or  by  chlorine,  Ac.  In  these  caacR  it  is  not  pure  ;  but  it  mny  be 
obtained  quite  pure  by  distilling  2  parta  of  the  compound  of  alde- 
hyde and  ammonia  diesolved  m  2  parts  of  water,  along  with  a 
mixture  of  3  parts  of  oil  of  vitriol  wd  4  of  water,  and  rectifying 
at  a  temperature  of  about  80°,  over  chloride  of  calcium. 

It  is  a  clear,  colorless  liquid,  of  a  peculiar  and  powerful  etherial 
odor,  of  Sp.  Q.  0'7d  at  6fi°,  and  boUing  at  70°.  It  mixes  in  all 
proportions  with  water,  alcohol,  and  ether,  and  is  neutral  and 
inflammable.  In  contact  with  the  atmosphere  it  rapidly  absorbs 
oxygen,  passing  into  hydrated  acetic  acid  :  for  Ct  Hi,  O  +  U  O, 
with  0,,  at  once  produce  C*  H.,  0,  +  HO  ;  or  Ac  O,  H  O  + 
Oi  =AcOj,HO.  Aldehyde  is  a  constant  ingredient  of  tiie 
nitrous  ether  of  the  pharmacopceias. 

When  healed  with  causijc  potash,  it  is  rapidly  converted  into 
the  brown  matter  called  resin  of  aldehyde.*  If  gently  heated 
with  oxide  of  silver  and  water,  part  of  the  oxide  is  reduced  with- 
out effervescence,  coating  the  glass  tube  with  a  bright  surface  of 
nlver,  while  the  water  is  found  to  contain  a  salt  of  silver,  the  acid 
of  which  contains  less  oxygen  than  acetic  acid  ;  this  is  aldehydic 
or  lampic  acid.  Ct  Hj  Oj,  H  0,  or  Ac  Oi,  H  0.  The  solution 
of  aldehydate  of  silver,  if  filtered  and  heated  to  boiling,  again 
deposits  metallic  silver,  while  the  aldehydic  acid  becomes  acetic. 
When  long  kept,  even  in  sealed  tubes,  aldehyde  is  transformed 

■  FotAsh  Id  ftcting  upon  aldehyde,  besLdn  prodncLng  the  abova  reiin,  ^th 
rinto  BU  IrrttatlDg  odor,  due  to*  thick  yellow  oil,  smeillng  like  cluaaiDon. 
Thliallnpidlyoiidiws.andlicoiivertBdiiitoaraslndlSKrent  from  IhiiL  men- 
tioned la  the  text,  contalnlag  a  coDBlderable  quantity  of  oiygen,  wblla  there 
is  /armed  al  the  aaniB  lime  acetic  nod  formic  acldj.  Aldehyde  with  half  lla 
bnik  of  waUr,  and  a  (race  of  nitric  or  aulphuric  acid,  on  ccdllDg  to  333, 
■eparatei  into  fine  cryitalsof  the  metaldehyde  of  Llebig,  and  a  liquid  Icaoiu- 
ble  Id  water.  Thliwhenpurified  la  a  new  modificatloa  of  aldehyde  ;  Iti  vapor 
In  density  Is  that  of  aldehyde,  bat  Iti  properllea  conalderably  differ.  It  Is  a 
thin  acrid  liqnld,  loluble  In  alcohol  and  ether,  iparlngly  In  water,  bolli  at 
357°,  and  chance*  npldly  Into  a  cryitalltne  acid  not  vet  atndlsd.  With 
heat  and  a  trace  of  sulphuric  acid,  this  modified  aldehyde  Is  converMd 
Into  that  of  Lleblg —  thus  the  luiw  acid  forms  the  lubstance,  and  thoD 
leeoDvaTta  It,  dependlDS  upon  a  high  or  low  lemperalare. 

Hydroanlphnrlc  aeiif  gas  posaed  through  aldehyde  aud  water,  depoall* 
■  thick  oil  of  an  InsnpportaUa  alllaciou*  odor,  the  formula  of  which  it 
Cii  Uii  Si  or  elaldehyde,  the  O  of  which  is  sohslltiilod  by  S  and  united  to 
HS.  Its  boiling  point  li  366°.  It  Is  convertsd  to  thialdioe  by  abaorblng 
ammonlacal  gas.  By  the  action  of  acids,  or  by  eipomiie  to  the  air,  there 
is  fDimed  atttj^tit  raeicaptau,  Ct  Hi  Si,  ivhich  Is  aldehyde  with  3t  initnad 
of  Oi.alttaanrh  Ibia  la  mora  probaMy  the  nilpharlied  ^Mciea  of  elaldehydn, 
sod  from  It  thiaidine  Is  imn^diately  derived  hy  N  Hi  roptaciug  St.  With 
an  excels  of  hydroiulpharlc  acid,  probably  both  lubitance*  may  be  formad 
■t  tlM  nm>  llaie.  8. 
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into   two  isomeric   modifications,  namely,  metaldehyde,  s   hard 
crystairme  inodoroTis  solid,  and  elaldehyde,  whicK  is  liquid. 

AldehydUe  of  Ammoma.  Syk.  Aldthydamnumia,  C«  Hi  0  + 
NHs  +  HO. —  Aldehyde  has  no  basic  characters,  and  rather 
exbibits  a  tendency  to  the  acid  character,  in  combining  with  Am- 
monia, as  it  docs  directly  to  form  a  crystalline  compound.  To 
prepare  it,  as  the  substance  from  which  aldehyde  is  obtained,  6 
parts  of  oil  of  vitriol,  4  of  water,  4  of  alcohol,  and  6  of  peroxide 
of  raaugnnese,  in  fine  powder,  are  distilled  together.  The  crude 
product  is  twice  rectified  over  chloride  of  calcium  :  it  is  now  alde- 
hyde, containing  a  little  water,  alcohol,  and  acetic  and  formic 
eUiera ;  and  this  liquid,  when  mixed  with  ether,  and  saturated 
with  ammoniacal  gas,  yields  crystals  of  the  new  compound  which 
■re  washed  with  ether.  These  crystals  become  brown  on  being 
kept,  eren  in  close  vessels,  and  acquire  the  smell  of  burnt  feathers. 
They  dissolve  in  water  and  alcohol,  but  hardly  in  ether.  Kilratc 
of  Sliver  forms,  in  the  concentrated  solution,  a  precipitate,  insoluble 
in  alcohol,  which,  when  heated,  is  reduced. 

Tkialdint.  —  Liebig  and  Wuhler  have  very  recently  discovered 
that  when  an  aqueous  solution  of  aldch  yd  ammonia  is  acted  on  by 
sulphuretted  hydrogen,  a  little  ammonia  being  previously  added, 
crystals  of  a  new  compound  are  deposited,  which  has  basic  proper- 
ties, and  has  been  called  thialdinc.  It  is  produced  fay  the  action 
of  3  eq.  of  aldehydammonia  on  6  eq.  of  sulphuretted  hydrogen.  ■ 
Thus. 

3  eq.  aldehydsmmonia CiiHiiNjO* 

and  6  cq.  sulphuretted  hydrogen  ....         Ha  B< 

CsHtiNi  Ot8> 

yield  I  eq.  thialdtne CriHuN    8< 

6  eq.  water H«  Oi 

2  cq.  sulphide  of  ammonium  .   .       H*  Ni  Si 

CxHoNiStO. 

Thialdine  is  almost  insoluble  in  water,  but  very  soluble  in  alco- 
hol and  ether.  It  is  deposited,  by  spontaneous  evaporation,  from 
its  ethereal  solution,  in  large  and  beautiful  crystals,  resembling 
camphor.  It  is  very  volatile  and  fusible,  has  an  unpleasant  uromfttie 
smefl  and  is  a  powerful  base,  neutralliing  the  strongest  sdda,  lad 
forming  beautiml  ctystaltine  salts.  When  heated  with  hydr^  of 
lime,  thialdine  yields  leucoUpe  or  quinoline,  one  of  tlie  Tolalila 
bases  of  coal  tar. 

When  aldehydammonia  is  acted  on  by  Beleoinretted  hydrogMi, 
an  analogous  basie  compoimd,  selenaldine,  ia  formed  ;  audit  ap- 
pears probable,  h-om  (be  ezperimoiU  of  lieUg  and  WtiUar,  Out 
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tellnretted  hydn^n  is  capable  also  of  3rielding  a  aimilar  com- 
pound. 

2.  AcETAL.    Ci  H»  Oa  =C4  Hj,0  +  C.  Hi,0  +  H  0  =  AcO 
-l-AeO-l-HO. 

Is  formed  by  tbe  action  of  the  ozy^n  of  the  air  on  the  riipora 
of  alcohol,  under  the  influence  of  the  black  powder  of  platinum. 
It  is  a  colorless,  very  mobile  fluid,  8p.  O.  0-825,  boiling  at  205°. 
it  might,  according  to  its  composition,  be  a  componnd  of  3  eq. 
oxide  of  ethyle,  and  1  eq.  acetic  acid  ;  for3{C.  H.,  O)  +  0.  Hi 
0>  =  C»H»0<  =(CiH>0,).  But  tbe  action  of  potash  which 
forms  resin  of  aldehyde,  and  of  oil  of  vitriol  which  blackens  and 
thickens  it  as  it  does  aldehyde,  indicate  pretty  certainly  the  pres- 
ence of  aldehyde ;  and  we,  therefore,  prefer  tbe  formula  above 
given,  which  makes  acetal  a  compound  of  aldehyde  and  oiide  of 
etbyle. 

The  resin  of  aldehyde,  formed  by  the  action  of  potash  on 
aldehyde,  is  little  known.  Elaldebyde,  on  isomeric  form  of  alde- 
hyde, which  is  liquid  at  ordinary  temperatures,  but  solid  at  38", 
has  a  formuja  exactly  triple  that  of  aldehyde,  CiiHuOi.  Het- 
aldebyde,  the  other  isomeric  modilication,  which,  like  the  preced- 
ing, spontaneously  forms  an  aldehyde,  when  kept,  has,  no  doubt, 
a  similar  relation  in  its  formula  to  that  of  aldehyde  ;  bnt  its  pre- 
cise formula  is  not  yet  known.  The  density  of  its  vapor  would 
settle  the  poinL  It  forms  very  hard  prisms,  which  sublime  at 
246°  without  melting.  It  is  worthy  of  noUce  that  aldehyde, 
like  tbe  corresponding  chlorine  compound,  formed  by  substitution, 
chloral,  Ci  Clj  O  +a  O,  undergoes  very  easily,  and  even  spon- 
taneously, these  very  singular  metamorphoses.  This  indicates  a 
relation  in  tbe  constitution  of  these  bodies  which  cannot  be  over- 
looked. 

3.  AcETTLOus  Aero.    CC4H»)0*,H  0  =  Ac  0«,H  O. 

8t».  Aidehydk  Add.  Latnpic  Add.  —  It  has  already  been 
slated  that  this  acid  is  obtained  in  combination  with  oxide  of  silver, 
when  aldehyde  is  gently  heated  with  excess  of  that  oiide  in  water. 
The  solution,  when  the  silver  has  been  separated  by  sulphuretted 
hydrogen,  contains  the  acetylous  acid,  very  diluted.  It  is  very 
easily  decomposed,  especially  by  heat,  into  acelic  acid,  and  a  brown 
resin  like  that  of  aldehyde.  When  the  acetylite  or  aldehydate  of 
silver  is  decomposed  by  baryta,  so  as  to  precipitate  all  the  oxide 
of  silver,  and  the  acetylite  of  baryta  is  now  heated  with  the  pre- 
upitated  oxide  of  silver,  the  metal  is  reduced,  and  acetate  of 
baryta  is  now  found  in  the  solution.  This  demonstrates  the  rela- 
tion of  acetylous  to  acetic  acid  :  for  Ba  O,  Ac  Oi  +  Ag  0  =  6a 
0,  Ac  0*  4-  Ag.  This  acid  is  one  chief  ingredient  of  the  add 
produced  by  the  alow  combustion  of  ether  in  the  lamp,  with  n 
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^Nral  of  platinum  wire  on  the  wick,  the  platinum  eontinuing 
red-hot,  but  no  flame  appearing,  and  which  acid  is  called  lampic 
acid. 

4.  Acetic  Acid.     C4  Ha ,  Oa  +  H  O  =  Ac  O3 ,  H  O. 

Sfn.  Acetylic  Acid,  PyroHgneous  Add.  Vinegar.  —  This  im- 
portant acid  is  formed  in  two  principal  ways :  first,  by  the  oxi- 
dation of  alcohol ;  and  secondly,  by  the  destructive  distillalkHl 
of  wood.  Wine,  beer,  and  other  fermented  liquors,  if  ezpaffiiib 
the  air,  under  certain  circumstances,  undergo  what  is  erroneoadjr 
termed  the  acetous  fermentation  ;  that  is,  they  attract  oxygen  from 
the  air,  undergo  eremacausis  of  the  alcohol  they  contain,  and  after 
A  time,  contain  no  alcohol,  but  in  its  place,  acetic  acid  ;  they  are, 
in  fjBUit,  converted  into  vinegar.  The  ultimate  change  is  very  sim- 
ple :  C4  He  Oa  +  O4  =  C4  Ha  Ot ,  3  H  0,  =  Ac  0. ,  H  O  +  2  aq. 
^ut  we  have  already  seen  that  there  are  intermediate  steps  in  the 
process.  The  first  effect  of  the  oxygen  is  to  remove  n-om  the 
alcohd,  or  rather  from  the  ethyle  in  it,  2  eq.  hydrogen,  tfam  leav- 
ing the  radical  acetyle,  C4  Hs,  in  the  ]^aoe  of  the  eUiyle,  (C4  Hs ) 
0,H0  -|-0t=(C«H9)0,H0-f  2aq.  In  this  st^  alcohol  is 
simply  converted  mto  aldehyde,  while  2  eq.  water  are  formed.  In 
the  next  stage,  the  hydrated  protoxide  of  acetyle  (the  aldehyde), 
or  rather  the  radical  C4  Hs ,  takes  up  2  additional  equivalents  c^ 
water,  and  thereby  becomes  acetic  or  acetylic  acid:  (O4  Hs)  O, 
H0+0s=:(C4H3)03,H0. 

Such  being  the  action  of  the  oxygen  of  the  air  on  alcohol,  it  is 
obvious  that  the  process  of  acetification  is  no  fermentatton  but  a 
case  of  eremacausis  or  slow  combustion.  But,  as  was  formerly 
explained,  the  state  of  eremacausis  is  induced -by  contact  of  a  body 
in  that  state,  or  even  in  the  state  of  fermentation  or  putre£Mstion, 
and  the  presence  of  a  ferment  is  required  to  commence  the  process 
of  eremacausis  of  alcohol.  Pure  alcohol,  exposed  to  air  alone,  is 
not  acetified  ;  but  if  its  vapor,  mixed  with  air,  comes  in  contact  with 
platinum  powder,  eremacausis  is  induced.  Hence,  if  alcohol  be 
placed  in  a  flat  basin  under  a  bell  jar,  beside  a  small  flat  dish, 
containing  platinum  black,  the  bell  jar,  is,  in  a  few  seconds,  filled 
with  the  pungent  smell  of  aldehyde,  and  in  an  hour  or  two,  the 
acetification  is  nearly  complete.  Here  the  platinum,  by  virtue  of 
its  singular  power  of  causing  gases  or  vapors  to  unite  on  its  suHIeu^, 
acts  as  a  ferment,  or,  as  it  may  be  callea,  an  excitant,  inducing  the 
slow  combustion,  and  acting  as  a  carrier  of  oxygen  from  the  air  to 
the  alcohol. 

In  wine  or  beer,  there  is  present  an  actual  ferment  in  the  shape 
of  gluten  or  fibrin,  at  least  m  all  cases  where  the  vinous  fermenta- 
tion has  not  decomposed  the  whole  of  the  ferment  In  these  cases, 
exposure  to  the  air  for  a  short  time  causes  the  decomposition  of 
the  gluten,  4c./ to  reoommeucej  and  (his  slate  of  decompontioa. 
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part,  no  donbt,  of  erenuKanu,  being  mechKnicallr 
communicated  id  ibe  shape  or  motion  to  the  particles  of  alcohol, 
slow  combustion  commences  and  contiDues  till  eveir  trace  of  alco- 
hol has  been  acetified,  when  the  proceffi  is  arrested  for  want  of  fuel, 
that  is,  of  alcohoL  Where,  in  the  fermentation  of  wine,  (as  stier- 
17),  or  of  beer,  (as  Bavaripin  beer),  all  ferment  has  been  destroyed 
or  rsmored,  these  liqnors  do  not  become  soar  when  exposed  to  air, 
mA  if  we  wish  to  acetifj  tbem,  we  most  add  yeast  or  some  other 
iammt.  So,  also,  when  we  wish  to  make  strmg  vinegar  by  tb« 
Boetification  of  brandy  or  of  whiskey,  we  have  to  add  a  fermeat, 
soch  as  yeast,  uid  expose  the  mixture  to  a  certain  tempereltire,  in 
open  vats.  By  cArefully  attending  to  all  these  piinciples,  the  procesa 
of  acetificatioo  may  be  rery  mncK  abridged.  The  following  is  tb« 
rapid  process  now  fallowed  on  the  Contine&L  There  ia  madoa 
mixture  of  1  part  of  alcohol  at  60  p.  c.,  4  to  6  parts  of  water  aod 
jfyf  of  a  ferment,  such  as  vinegar,  honey,  or  must  of  beer.  A 
laj-gs,  high  barrel  is  packed  with  twigs  or  shavings  of  beech,  prv- 
vlonilf  soaked  in  strong  vinegar,  and  boles  are  drilled  in  the  middle 
and  upper  part  of  the  barrel  to  admit  a  free  circalatioD  of  air. 
The  mixture  is  now  warmed  to  from  76°  to  80°,  and  made  to  trieUe 
slowly  upon  the  shaviogs  and  through  the  barrel,  thus  exposing 
on  immense  surface  to  the  air.  The  temperature  rises  rapidly 
to  96°  or  106",  and  if  a  proper  supply  of  air  be  wven,  contiaaas 
at  that  point  during  the  operaUon.  When  the  mixture  baa  bees 
three  or  four  times  passed  through  the  barrel,  it  is  found  perieetly 
acetified :  this  may  take  place  in  &om  24  to  36  hoars.  Should 
the  supply  of  fresh  air,  that  is,  of  oxygen,  be  deficient,  much.  Alde- 
hyde is  produced,  which,  from  its  volatility,  is  carried  off  aa  v^or 
and  lost.  This  was  long  a  source  of  great  loss  to  the  makers, 
and  the  cause  could  not  be  traced,  anlil  Liebig,  by  the  discovery 
of  aldehyde,  explained  it,  and  showed  bow  to  avoid  the  loss,  by 
giving  a  due  supply  of  air.  The  manufacturer  now  obtains,  aa 
nearly  as  can  be  expected,  the  theoretical  quantity  of  vinegar  from 
bis  spirits.  Any  aromatic  substance,  or  essential  oil,  or  even  K 
trace  of  wood  vinegar  (contaminated  with  creosote,  die.)  will  arrest 
the  progress  of  acetification. 

The  peculiar  pleasant  smell  of  good  vinegar,  in  addition  to  that 
of  pure  diluted  ace^  acid,  is  owing  to  the  presence  of  acetic  ether. 
Distilled  vinegar  is  a  tolerably  pure,  but  weak  acetic  acid  ;  bat  to 
obtain  acetic  acid  pure  and  strong,  we  must  have  recourse  to  the 
salts  of  acetic  acid,  which,  when  distilled  with  moderately  strong 
sulphuric  acid,  yield  pure  acetic  acid,  mixed  with  moru  or  less 

The  pyroligneous  acid  is  contBmiaated  with  pyroxyiic  spirit 
and  with  oil  of  tar.  When  combined  with  soda,  lime,  or  oxide  of 
lead,  these  salts  may  be  easily  purified  by  crystallixalioD,  and  by 
beating  them  so  iar  as  to  expel  or  destroy  tha  oily  impuritjeK. 
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The  pure  ult*,  dialilled  with  ralphnric  acid,  jield  kc«tie  acid, 
identical  nith  that  from  true  vinegar. 

HydraUd  Aeelie  Add,  Radical  Vinegar,  or  CryttalliaaiU  Acetic 
Arid,  AcO],  HO,— Is  obtaioed  bj  disliUing  3  psrtg  of  dry 
powdered  acetate  of  soda  with  Eh?  of  oil  of  vitriol,  as  pure  and 
ooncentrated  as  posuble :  ^  of  the  add  distils  over  bj  the  heat 
spontaneously  developed  in  the  mixture  ;  a  gentle  heat  expels  the 
rest.  The  product  is  rec^fied  and  exposof  to  a  cold  of^  23"  or 
S4°,  whea  crystals  of  the  hydrate  are  formed  in  a  weaker  liqnd. 
The  crystals  are  allowed  to  drain,  and  then  melted,  and  again 
exposed  to  cold.  The  crystals  of  this  second  operation  are  gen- 
enlly  free  from  all  superflous  water.  At  temperatures  t>elow 
60°  nydrated  acetic  scidis  solid  ;  at  62°  or  63°  it  melts,  fonning  a 
liquid  which  sometimes  continues  liquid  at  a  much  lower  tempera- 
ture, and  then  crystallises  from  some  very  trifling  cause.  The  Sp.  G. 
of  the  liquid  is  1-063  ;  it  boils  at  248°  ;  has  a  pungent,  peculiar, 
but  agreeable  smell,  and  a  burning  acid  taste.  It  raises  a  blister  on 
the  skin,  and  soon  produces  n  painful  sore,  like  a  mineral  acid.  It 
ia  miscible  in  all  proportions  with  water,  alcohol,  and  ether.  It  dis- 
solves camphor  and  essential  nls  ;  and  the  aromatic  vinegar  is  a 
solution  in  it  of  camphor,  with  a  little  oil  of  lemons  and  bergamot, 
&c.  Strong  acetic  acid,  in  this  form,  is  used  as  a  diffusible  stimulant, 
applied  to  the  nostril  in  faintness  or  sickness.  It  may  be  used,  also, 
externally  as  a  very  powerful  rubefacient  and  epispastic.  The 
hydrated  acid  is  combustible.  It  is  decomposed  by  anhydrous 
sulphuric  acid,  yielding  a  new  acid,  sulphacetic  acid  :  also  by 
chlorine,  yielding,  by  substitution,  chloracetic  acid.  The  vapor 
of  acetic  acid,  passed  through  a  red-hot  tube,  yields  carbonic  acid 
and  acetone,  Ci  Hi  0  :  the 'same  transformation  occurs  when 
acetic  acid  is  healed  with  bases. 

The  salts  of  acetic  acid  are,  almost  without  exception,  soluble 
in  water :  the  acetates  of  ulver  and  protoxide  of  mercury  are 
sparingly  soluble.  The  formula  for  the  neutral  acetates  is  M  O, 
Ci  Hi  Oi,  or  M,  C«  H,  Oi.  There  are  hardly  any  acid  salts  ; 
but  a  considerable  number  of  basic  salta,  as  basic  acetates  of  lead 
and  copper. 

Acflate  of  Oxide  of  Ethyh,  or  Arttic  Slhtr,  Ae  O,  Ac  Oi  .—Is 
easily  prepared  by  distilling  10  parts  of  acetate  of  soda,  16  of  oil 
of  vitriol,  and  6  of  alcohol.  The  prvduot  is  recti6ed  over  lime  and 
chloride  of  calcium.  It  may  also  be  obtained  by  distilling  any 
snipbovinate  with  strong  acetic  acid.  In  either  case,  acetic  acid 
is  Drought  in  contact  with  nascent  ether,  and  combines  with  it. 
Acetic  ether  is  a  colorless  liquid,  of  a  refreshing  odor,  very  com- 
bustible. It  b(Hls  at  166°  ;  its  Sp.  O.  is  0-89.  It  is  easily 
decomposed  by  alcalies,  yielding  an  acetate  and  alcohol.  A<uda 
also  decompose  it.  It  ia  always  present,  in  small  quantity,  in 
wine  vinegar,  which  owes  its  flavor  to  this  compound. 


ABBTATB    OF  AlOiOnA.  891 

Attteta  <f  Ammonia. — There  is  a  well-known  febrifdge  and 
diaphoretic  remedr  called  the  spirit  of  miaderenu,  which  is  a 
diluted  solution  of  acetate  of  ammonia,  formed  by  neutraliib^ 
distilled  wiae  vinegar  with  carbonate  of  ammonia.  A  more  uni- 
form preparation,  although  stronger  than  that  usually  employed 
here,  is  made  by  nenCraliiing  6  parts  of  aqua  ammonie,  6p.  G. 
0-96,  with  strong  acetic  acid,  and  adding  enough  water  to  make 
ap  twenty- fourparts.  This,  being  uniform,  can  easily  be  reduced 
if^lesirable.  There  is  an  acid  acetate  of  ammonia,  which  forms 
deliquescent  needles.  Acetate  of  potash,  KO,  Ac  Oi,  is  obtained 
as  a  fibrous  crystalline  mass,  very  deliquescent,  which  has  a 
warm  saline  teste.  It  is  much  used  as  a  diuretic.  When  heated 
with  arsenious  acid,  it  yields  oxide  of  cncodyle  ;  a  substance 
of  most  remarkable  composition  and  characters,  C4  Hi  As,  0. 
Acetate  of  soda,  Na  O,  Ac  Os  +  6  aq.,  is  formed  from  pyroligne- 
ons  acid,  and  is  the  form  in  which  the  acid  is  brought  in  order  to 
be  purified  from  oil  of  tar.  The  salt  is  melted  at  a  moderate  heat, 
■M  roasted,  then  rediaaolved,  filtered  through  charcoal,  erapO' 
rated,  again  melted,  and  so  on,  until  it  becomes  snow-while.  10 
parts  of  the  crystals  of  salt,  after  the  firet  fusion,  while  sdll  slightly 
colored,  being  distilled  with  6  of  oil  of  vitriol,  yield  what  is  called 
wood  vinegar,  sufficiently  pure  for  use,  but  requiring  7  watera  to 
reduce  it  to  the  average  strength  of  wine  vinegar.  Acetates  of 
baryta,  strontia,  and  lime,  all  crystallize  readily.  The  first  is 
used  as  a  lest ;  the  last  in  the  manufacture  of  acetic  acid  and  all 
other  acetates  from  pyroligneous  acid.  Acetate  of  alumina,  Ali 
Oj,  3  Ac  O],  prepared  by  mixing  solutions  of  alum  and  acetate 
of  lead  (or  of  baryta)  is  very  soluble.  It  is  much  used  in  the 
above  form,  containing  sulphate  of  potash,  as  a  most  valuable 
mordant  in  dyeing  and  calico  printing.  When  heated  it  deposits 
an  insoluble  basic  salt,  which  adheres  tenaciously  to  tiN  cloth, 
and  afterward  combines  firmly  with  the  coloring  matter.  The  pure 
acetate  of  alumina,  formed  from  sulphate  of  alumina  and  acetate  of 
baryta,  is  not  so  decomposed  by  heat,  but  requires  the  presence  of 
a  neutral  salt.  Acetate  of  manganese,  Mn  0,  Ac  0  9 ,  formed  by 
acting  on  snlphate  of  roanganese  by  acetate  of  lime,  is  much  used 
in  calico  printing,  as  it  gives,  with  bleaching  liquor,  a  rich  bronze 
brown.  Acetate  of  zinc,  Zn  O,  Ac  Oi,  +  3  aq.,  is  used  in  medicine 
and  pharmacy.  Acetateof  protoxide  of  iron,  FeO,  Ac  O3,  is  used 
as  a  mordant.  Acetate  of  peroxide  of  iron,  Fei  0»,  SAcOa,  is 
formed  by  precipitating  acetate  of  lead  with  persulphate  of  iron.  It 
has  the  same  valuable  properdes  as  acetate  of  alumina,  depositinga 
basic  salt,  when  heatea  with  neutral  salts,  and  is  much  prized  as  a 
mordant.  Acetate  of  lead  :  a.  neutral.  Syn.  Sugarof  lead  ;  is  best 
prepared  by  dissolving  litharge  in  acetic  acid,  and  crystallizing.  It 
has  a  sweet  astringent  taste,  and  is  much  used  as  an  astrin- 
gent and  styptic  in  diairhraa,  dysentery,  and  virious  hemorrhages. 
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It  is  poisonous,  especially  where  it  forms  carbonate:  it  ought 
therefore  never  to  be  given  without  abundance  of  vinegar  being 
taken  by  the  patient  The  crystals  are  PbO,  AcOs-l-^^-  ^> 
Sesquibasic,  3  Pb  0  4*  2  Ac  O 3,  soluble  pearly  scales,  e.  Tribasic 
or  subacetate  of  lead  is  formed  in  crystals  by  mixing  1  vd.  of 
aqua  ammonias  with  5  of  a  cold  saturated  solution  of  the  neutral 
salt,  and  setting  it  aside.  It  forms  long  needles.  The  solution, 
or  Qoulard's  extract,  is  made  by  digesting  7  parts  of  litharge  with 
6  of  sugar  of  lead  and  30  of  water,  till  the  oxide,  which  is  not  dis- 
solved, has  become  white.  It  is  much  used  as  a  lotion,  and  to 
precipitate  gum,  organic  acids,  albumen,  caseine,  extractive  mat- 
ter, ac,  from  organic  mixtures,  and  solutions.  Its  formula  is  3 
Pb  O  -f  AcOs.  d.  Sexbasic,  formed  by  adding  the  last  or  any 
of  the  previous  acetates  of  lead  to  an  excess  of  ammonia.  It  forms 
a  crystalline  powder,  very  sparingly  soluble,  which  is  6  Pb  O  + 
Ac  O3 .    It  usually  exists  m  white  lead,  along  with  carbonate  of  lead. 

Acetate  1^  Copper,  a.  neutral — Appears  in  two  forms  :  as  dark 
^en  oblique  rhombic  prisms,  becoming  opaque  in  air,  Cu  0»  Ac 
O3  -h  aq. ;  and  as  dark  blue  transparent  crystals  of  great  beauty, 
Cu  O,  Ac  O3  -f  5  aq.  These  latter,  heated  to  86'',  lose  4  eq.  of 
water,  and  fall  to  a  powder  of  the  green  salt.  b.  Bibasic  or  verdi 
gris,  2  Cu  0  4-  Ac  O3  -}-  6  aq.  =  Cu  0,  Ac  O3,  5aq.  -f  CuO,  H  O. 
Verdigris  is  prepared  by  a  tedious  process,  and  is  seldom  pure, 
containing  usually  diflPerent  basic  acetates,  c.  Sesquibasic,  3  Ca 
0,  2  Ac  O3  -f-  6  aq.  d.  Tribasic,  6  Cu  0.  2  Ac  O3,  4-  3  aq.  The 
two  last  occur  in  the  verdigris  of  commerce.  All  these  salts  are 
poisonous. 

Schweirrfuri  or  Vienna  Oreen  —  Is  a  double  salt,  formed  of 
acetate  and  arsenite  of  copper,  Cu  0,  Ac  O3  +  3  (  Asa  O3,  Cu  0); 
is  formed  when  10  parts  of  verdigris,  suspended  in  water,  are  left 
to  digeit  for  24  hours,  after  mixing  them  with  a  hot  solution  of  8 
parts  of  arsenious  acid  in  100  of  water.  A  dirty  green  precipitate 
tirst  appears,  which,  on  standing,  changes  to  a  most  beautiful  green, 
much  used  as  a  paint. 

Ac^te  of  Protoxide  of  Mercury  —  Is  obtained  in  sparingly 
soluble  silvery  scales,  by  adding  acetate  of  potash  to  protonitrate 
of  mercury,  both  hot.  It  blackens  when  exposed  to  light.  It  is 
used  in  medicine,  especially  on  the  Continent. 

Acetate  of  Silver,  AgO,  AcOa — Very  much  resembles  the 
preceding  salt  It  is  occasionally  used  as  a  test  It  is  very 
sparingly  soluble. 

AOnON  OF  GHLORINX,  BROMimB,  XTO.,  OK   STHTLX,  AGETTLS,  AND 

THXIB  DXRIVAtiyXB. 

1.  OxiBB  or  Ethtu  AMD  Chlosihb. 
When  dry  chlorine  is  made  to  act  on  ether,  with  the  aid  of  the 
sun's  rays,  there  are  produoed  ae^nl  oooqKranda.    The  firai  is  a 


«AU«  or  oxiDB  or  snnriB.  SOS 

henrj  oily  liqnid,  oxyelilonde  at  acetyle  Ct  Hi  j  ^^  .  niuek  k 
drv  acetic  acid,  with  i  eq.  of  oxygen  replaced  by  2  eq.  of  cblorine. 
With  w&ter,  it  rorms  acetJc  and  hydrochloric  acids.  When  the 
tMlion  ii  puraned,  there  ii  obtained  a  compound  C«  Cli  0,  which 
ia  ether,  in  which  all  the  hydrogen  is  replaced  by  chlorine.  The 
first  compound  may  be  connected  with  this  one  by  being  viewed  aa 
«U)er  in  which  hydn^en  is  partially  replaced  by  cblorine,  Ct   -j  p^ 

O.  Finally  there  is  obtiuned  a  cryetallizable  solid  compound,  C* 
Cli,  which  may  be  represented  as  C*  Cli,  CI,  showing  that  the 
oxygen  of  ether  is  itlso  here  replaced  by  chlorine.  This  last  body 
is  diloride  of  carbon,  Cs  Cla  for  C.  CI.  =  2  Cs  CU.  Besides 
these  compounds,  there  are  others  formed  at  the  same  time,  more 
difficult  to  separate,  and  which  are  donhtless  the  intermediate  links 
of  the  chain  of  substitutions,  beginning  with  ether  Ct  Hb,  O,  aid 
ending  with  chloride  of  carbon,  Ct  Cli,  CI.  The  other  members 
of  th«  series  which  are  more  easily  obtained  by  the  action  of  cblo- 
rine on  chloride  of  ethyle  (sec  below,  p.  ),  are,  C»  H»,  01,  chlo- 


ric (sec  below,  p. ),  are,  C.  H.,  01,  c 

|ci;<^'^<''{a..'^'"='(S".,"^ 


ride  of  ethyle: 

i  „.  CI;  and  as  th«  eompoond,  Ci  CU  Ots  fonned,  it  is  proba- 
ble that  there  is  another  series  beginning  with  ether,  and  ending 
with  Ci  CU.O,  in  which  the  oxygen  remains  unchanged.  Th« 
above  are  not  all  cases  of  substitution  with  preservation  of  the 

type  ;  for  the  compound  C4  I  f,^  O,  may  very  likely  be  Ct  Hi 
-j  ™     belonging  to  the  type  of  acetic  acid,  ralber  than  tbst  of 

ether.  These  compounds  are  as  yet  but  little  known :  it  is  oMotu 
that  the  simultaneous  occurrence  of  so  many  similar  cotmonnds 
must  render  the  study  of  them  exceedingly  complicated  and  (fifflcult. 
The  body  C<  Hi  ]  «.  or  oxychtoride  of  acetyle,  when  Mted 
on  by  sulphuretted  hydrogen,  yields  two  new  compounds,  in  which 
its  chlorine  is  partially  or  entirely  replaced  by  sulphur.  Both  are 
crystalline  ;  one,  the  oxysulphide  of  acetyle,  Ct  Hi  i  q  forms 
large  colorless  prisms :  the  other,  oxychlorosulpfaide  of  acetyle, 
C<Hi  -js    forms  yellow  tabular  crystals. 

2.  BiX-n  or  Oxide  or  Ethtle  wm  Chmkibe. 

When  chlorine  acts  on  these   salts,  or  ethers,  their  oxide  of 

ethyle  i*  acted  on  as  if  separate,  but  in  many  cases  the  acids 

remain  combined  with  tbs  new  oUoriniied  CMaponnds ;  tx  the 
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adds  also  are  acted  on,  and  the  products  derived  from  them  com- 
bined with  those  derived  from  the  ether. 

Acetic  ether  yields  a  compound  Ct  H<  Clt  Ot,  which  may  be 
viewed  aa  C<  Hi  ]  ^]  +  Ct  Ha  Oi,  that  is,  acetate  of  the  oxy- 
chloride  of  acetyle.  When  the  componnd  is  further  exposed  to 
the  action  of  chlorine  at  a  high  temperature,  it  yields  a  series  of 
compouDds,  in  which  its  hydrogen  is  gradually  replaced  by 
chlorine,  tilt  the  compound  Ci  CU  0*  is  left,  which  is  called  per- 
chloruretted  acetic  ether.  Acetic  ether  is  Ct  Hi  Oi  ;  and  we 
have  the  acetate  of  oiychloride  of  acetyle,  Ci  j  ^,*  O4;  then 


]  Q,  Of,  and  Ci  CN  O4.  The  two  last  can  be  obtained,  with 
certainty,  pure :  the  others,  aft«r  Ci  -J  ni'  0<,  are  so  mixed  that 

it  is  very  diGBcult  to  obtain  them  pnre  enough  for  analysis. 

When  benzoic  ether,  Ae  0,  Be  0,  is  acted  on  by  chlorine,  it 
loses  8  eq.  hydrogen,  and  1  eq.  oxygen,  and  takes  up  3  eq. 
chlorine,  producing  a  compound  which  may  be  viewed  as  con- 
tainuig  chloride  of  bensoyle  and  oxychloride  of  acetyle,  Bz  CI 
+  C.  H»    |^,^  =  Ci.H.  CI.  0,. 

Oxalic  ether,  exposed  to  the  acUon  of  chlorine,  under  the  influ- 
ence of  the  direct  ravs  of  the  sun,  loses  all  its  hydrogen,  which 
is  replaced  by  chlorine.  (CtH»)0,  C«  Oj  thus  becomes  (C4 
Oil)  0,  Ci  Oi.  The  latter  is  called  chloroxalic  ether.  It  is  a 
crystMUisable  solid,  fuuhlc  at  288°.  Dry  ammonia  acts  on  it  as 
□n  oxalic  ether,  producing  chloroxam ethane,  a  crystalline  com- 
pound snslogous  to  oiamethane.  It  was  formerly  stated  that 
oxatnethane,  Ca  Hi  N0«,  has  the  composition  of  oxamate  of  oxide 
of  ethyle  (Ct  H>)  O  +  C«  H>  N0>  ;  or  of  oxalic  ether  plus  oxa- 
mide  (C4Hi)0,C,0»  +  NH.,C=0j.  In  like  manner,  chlor- 
ox ame thane  represents  chloroxalic  ether  plus  oiamide  :  (Ci  Cls) 
0,CjO)+NH3,CiO.  =C.  H.CUNO..  When  chloroxa- 
methane  is  left,  in  contact  with  ammonia,  it  takes  np  2  eq.  of 
water,  and  forms  a  new  salt,  chloroxalovinate  of  ammonia,  Ct 
CI.  O.NHt  O,  2  C.  O,,  which  is  very  dehqnescent.  From  the 
corresponding  salt  of  soda  tiie  chloroxaloTinio  acid  may  be  obtuned, 
which  may  of  course  be  viewed  as  an  add  oxalate  of  the  com- 
pound Ct  CU  O.    Itsfonnulaia,  Ct  Cl«  0,  Ci  Oj  +  H  0,  C>  Oi. 

By  the  action  of  alcohol  on  chloroxalic  eUier,  there  is 
formed  a  neutral  oil,  Gi  CI*  Ot,  which  contains  the  elements 
of  anhydrous  chloroxalovinio  add,  G«  GIi  0, 2  G*  Oi  ;  and  when 
diisolved  in  potuh,  yiekla  oUoronloriiute  of  potash. 


Carbonio  eOwr,  b7  Hha  ncdon  of  cblorine,  yieldB  two  prodnctB : 
1st.  bichloruretted  carbonic  ether,  Ci   ]  —'  O,  C  0|  =  Ct  Hj  CI* 

Oi  ;  and  2d,  perchtornretted  carbonic  etber,  C*  CI(  O,  C  Ot 
+  C$  Cli  Oa.  The  ibnner  is  an  <Alj  liqnid ;  the  latter 
cryslallizable. 

Chloride  of  ethyle,  (C4  H*)  CI,  vhen  acted  on  by  chlorine, 
yields  a  very  remarkfible  series  of  prodnots,  in  which  the  hydro- 
'  gen  is  gradually  replaced  by  chlorine,  aa  mentioned  at  p.  263,  to 
which  I  refer  for  l^e  fonnnlw.  I  shall  only  mention  that  the 
compoundthere  represented  as  Ct    j  ™'  CI,  =  C<  Hi  Cli,correB- 

S>ndB  to  aldehyde,  and  is,  therefore,  probably  (C4  Hi)  CI4*H 
l,justasBldehydeis(C4Hi)0+HU.  In  like  manner,  the  com- 
pound Ci  i  Qi*  CI  =  C(  Hi  Oa,  corresponds  to  dry  acetic  acid, 
Ct  Hi  Oi.  TheacUonof  potash  on  these  two  compounds  confirmB 
this  view,  accordiog  to  which  ^e  former  is  hydrochlorate  of  pro- 
tochloride,  and  the  latter  perchloride  of  acetyle. 

When  alcohol,  the  hydrated  oxide  of  ethyle,  is  subjected  to  the 
long-condnued  action  of  chlorine,  aided  fay  the  sun's  rays,  there  is 
formed,  after  a  very  tedious  operatJon,  a  remarkable  componnd 
called  chloral,  the  empirical  formula  of  which  is  Ct  H  CU  Oi  ^ 
Ct  Cli  0  -|-  HO.  Tnia  componnd  repreaenia  aldehyde  or  hy- 
drated  oxide  of  acetyle,  in  which  the  hydrogen  of  the  acetyle  has 
been  replaced  by  chlorine.  It  is  an  ody  liquid,  boiling  at  ISS", 
of  Sp.  G.  1-502.  Like  aldehyde,  chloral,  when  kept,  is  spontane- 
oaaly  converted  into  an  insoluble  solid  compound,  which  has  the 
same  composition  as  chloral  itself.  In  contact  with  water,  chloral 
is  soon  converted  into  a  solid  hydrate,  which  dissolves  in  a  larger 
quantity  of  water.  It  contains  1  eq.  chloral  and  2  eq.  mter. 
When  heated  with  canstic  alcalies,  chloral  produces  formiate  of  the 
alcali  and  perchloride  of  fnrmyle.  Ct  H  Cli  Oi  +H0,  KO  » 
{C,  H)Oj,K0  +  (CjH)C1j.  The  perchloride  of  forrajrie,  in 
contact  with  the  alcali,  is  partly  decomposed,  yielding  chloride  of 
the  metal. 

According  to  S^deler,  chloral  is  formed  when  starch  is  heated 
with  hydrochloric  acid  and  peroxide  of  manganese. 

Pure  acetic  acid  when  acted  on  by  chlorine  and  the  sup's  taja, 
is  converted  into  a  crystal] iz able  acid,  the  chbracetic  aoid,  Oti'CU 
Oi  H  0.  As  acetic  acid  may  be  considered  to  be  aldehyde  phuiY 
eq.  oxygen,  or  hydrated  peroxide  of  acetyle,  so  chloracetie  add  if 
chloral  plusSeq.  oxygen,  or  hydrated  peroxide  of  Ct  CU,  wluohnuty 
be  called  chloracetyle.  Chloracetie  acid  forms  tabular  crystals, 
fusible  at  1 13°,  boiling  at  390°.  The  density  of  the  liquefied  acid 
St  113°  is  1-617.  When  heated  with  excess  of  potash,  it  yields 
first  carbonic  aud  and  perchloride  of  fbrmyle,  0*  Cli  Oi,  H  O  + 


'»  pturUY  Aniv««r««i  bf  «Boditfr  pvrcwn  oif  pi9CL»i)k  into  formiate  of 
i\;CK^  lod  r&roniii  tc  oiXKssiimL :  C3HCT3-r4KO  =  3KCl 

W;cit  btt!i«»^  «ftiiirftce«ie  iisi  aonns  »ki  wUck  are  Tctr  anaJo* 
^>u:>  "xt  'M  iL-vcifie» :  jmi  b:  b»  T«nr  impoctasc  litfiY  u>  ohacfre.  that 
>icii  is  cOMini  jni  cfiiionBcci;  aciai.  c&e  sskstMUM  of  ^loriiie 
x/r  .til  'iM  bviinnpnvyc  :br  ndiral  cac«CTW>Qf  akftehTdeand  aee- 
ac  jcaL  ai»  3uc  atfKoed  chie  ^isenL  chenmi  ekandcis  of  tha 
^CQtpiMitdff :  ttafc.  is  ocbcr  wcri^^  the  mciBal  trpe  has  been  le* 
:aia«:\L  W<  aa««  a^  j««b»  is  dfaf  pwo^iiii^  P*9^  among  die 
7PAiuct:s  v}f  :&«;  jcoeii  of  cUora«  oa  oxiil«  of  eujle  and  on  the 
saute  iit  v^anie  ^  «ckTW.  chai  oxide  or  e^krie.  C«  Hs  O,  b  eos- 
vvncti  itta9  Miiv  of  cUonrtfarrle,  C«  Cts  O.  vitikoM  tiie  tjpe  beia^ 
ji^u.'r*^i  :  "liM  -jxiviie  of  ctLCRChjIe  fi^naing  with  the  adds  preTionsly 
.vmbin«^i  vAh  osiil«*  of  tfchrtif.  compoonds  p^Hedlr  analogoiis  to 
tiitf  refers  Droot  which  dhtr  are  ohtaiaed. 

rbtt  nu^htie  of  echrV  es  nadilT  acted  on  bT  chk>nae,  and 

«  «  •  « 

t:%;[o»  3l  T^Uew  out  buaai.  of  Sbl  G.  1-673^  boilbiff  al  9S0*^,  of  m 

ill 

mo;>;  i:6i  odor,  the  uxmak  of  which  ^  ^<  "ifit    ^     Here  4  eq. 

of  hj^inv^m  of  the  €0O]ip>aDd,  C4  Hs  S.  are  repbced  br  chhwine. 

HeavT^mariatie  ether  ts  an  oiir  fiqiad.  Ibnaed  br  the  aclioo  of 
moist  chk>me  on  alcohoi.  It  is  obiiooslr  a  mixture,  and  proba- 
hkj  cootaias  aidehjde.  chloride  of  ethrle.  chh>ral,  and  prodneli 
iniermediaie  between  aidehjde  and  chloral. 

Bimmal^  C«  Brj  O.  H  O. — This  eomponnd,  analogoos  to  chloral, 
is  formed  br  the  action  of  bromine  on  aleohoL  It  forms  a  hvdrate 
vith  3  eq.  water.  Bt  canstic  alcalies  it  is  resohred  into  formie 
acid,  which  comhines  wish  the  akali,  and  perbromide  of  ibrmTle. 

Iodine  does  noc^  so  fitf  as  is  known,  produce  a  componnd  correa- 
ponding  to  chloral  and  broaul ;  bat  a  lohitioa  of  iodine  in  alc^^iol* 
treated  with  an  alcoholic  solation  of  potash,  yields  fnmiate  of  pot> 
ash  and  peroxide  of  formjle,  Cs  H  la. 

By  the  action  of  chlorine  on  alcohoL  holding  in  solation  hjdrcH 
cyanic  acid  on  a  metallic  cyanide,  there  is  produced  a  cryslalliwa 
compound,  the  empincal  formula  of  which  appears  to  be  Cm  Hm 
Na  Cla  Oa.  This  B  equal  to  3  eq.  aldehyde,  2  eq.  chloride  of 
cyanogesp  and  2  eq.  water ;  but  the  true  nature  of  this  compound 


ik  CoHPOUVnS  DESIVSD  FROM   AlCOHOL,  BUT  OP  UITCXXTAIV 

COBSTITUTlOir. 

(WifCmtf  Goi.  &».  JEfydunl  cf  AcetyU,  C«  H4  »  G«  Hs,  C9 
=  AcH. —  This  well-known  compound  is  generally  present  in 
coal  gas,  oil  gas,  and,  in  general,  in  all  gaseous  mixtures  produced 
by  tb  action  of  heat  on  organic  suhetances.    It  is  best  obtained 


«IL   or   OLSnAMT  BJU.  SBT 

nn  by  heatiDg  1  part  of  alcohol  with  6  or  7  of  oil  of  TitrioL 
There  u  prodnced  some  ether,  then  sweet  oil  of  wioe,  and  lastly, 
a  mixture  of  nilphurous  add  and  oleliant  fjaaea.  By  passing  t£a 
gas  through  milk  of  lime,  the  sulphurous  acid  is  removed,  and  by 
Uien  pasaing  it  through  oil  of  vitno),  the  eiber.  ftlcohol,  and  water 
which  may  be  present,  are  likewise  separated.  Pure  olefiant  gaa 
has  been  already  described  (see  p.  140,  Part  1\ :  here  we  shall 
attend  to  its  combinationa.  It  is  atworbed  by  aniiydnnu  sulphnric 
acid,  forming  the  crysbdline  compound  formerly  mentioned.  S  S 
Oi  -H  0*  H*,  which,  in  ecmtact  wilJi  water,  produces  etbionic  add. 
When  mixed  with  its  own  volume  of  chltmne,  both  gaaes  are  cos- 
densed  into  a  liquid,  the  composition  of  which  is  Ct  Hi  CIt.  This 
is  the  oily  compound,  from  which  the  gas  was  called  olefiant  gaa: 
the  oi)  is  often  called  the  oil  of  the  Dutch  chemists,  having  been 
discovered  by  an  associalion  of  cbemiats  in  Holland. 

When  mixed  with  2  voL  of  chlcnine,  and  Bet  fire  to,  the  wbok 
of  the  carbon  of  the  gu  is  deposited  in  the  solid  form  or  as  ^okSf 
while  all  the  hydrogen  forms  hydrochloric  acid,  C*  H4  -f-  Clt 
=  4HCI+  C. 

The  oil  of  olefiant  gas,  or  of  the  Dutch  chemists,  Ct  Ht,  Clt, 
may  be  viewed  as  composed  of  hydrochloric  acid,  and  a  chloride 
of  Kcetyle  :  H  CI  +  C«  Hs  CI.  When  acted  on  by  an  aicoboUo 
Bolntion  of  potash,  chloride  of  potasmum  and  water  are  formed^ 
and  a  new  compound  separates,  which  is  the  {ffolocbloride  of 
acetyle,  Ci  Hi  CI.  It  is  gaseous  at  ordinary  temperotaret,  bu  aa 
alliaceous  amell,  and  bums,  like  all  similar  chlonnised  eompoundi, 
with  a  dark-red  flame,  edged  with  green.  At  0°  it  condenaes  into 
a  liqnid. 

When  Ibia  prolocblcvide  of  acetyle  is  acted  on  by  perchloride  of 
antimony,  it  yields,  among  other  products,  a  liquid,  lyailing  at  2W 
which  is,  O4  Hi  Clj,  ana  therefore  has  the  same  composition  aa 
perchloride  of  acetyle,  fbrmeriy  mentioned.  But  the  action  of 
potash  dissolved  in  aleohol,  proves  that  these  two  compounde  are 
dtstioct,  and  that  Ibe  one  now  under  eonsideratioc  is,  C*  Ht  Cli 
+  H  CI.  At  all  events,  it  yields  ehlmide  of  potassium,  water,  and 
a  very  volatile  liqnid,  C*  Hi  CU  =  X  (Ct  H,  CI),  or,  in  other  wwds. 
protochloride-of  (ormyle.  , 

By  continuing  the  action  of  chlorine,  there  is  obtained  a 
compoond,  C*  Hi  Cl<  =  C>  H  Cli  +  H  CI ;  which,  wilit  poUah. 
yidds  the  body,  Ct  H  Cli;  aod  the  final  result  of  t)m'malifH  ■■ 
the  protochloride  of  carbon,  Ct  CU  ai  4  C  CI ;  whidi,  how^iK, 
unite*  with  chlorine  to  produce  the  sesquicbloride,  C«  Q4  -4^  0U 
=  C*  CI*  =  2  Ct  Cl>. 

The  perchloride  of  acetyle  has  been  already  mentioned  m  ■jvo' 
dnetof  the  action  of  chlorine  on  ether:  it  is  Ct  Hi  Cli=AcCl]. 

The  oil  of  olefiant  gaa,  Ct  Ht  Clt,  which  may  be  considered 
the  bydroeblorate  of  chloride  of  aeetyle,  Ct  H« ,  CI  +  H  CI,  ii  bart 
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prepared  by  passing  olefinnt  gas  into  percliloride  of  antimony,  as 
long  as  it  is  absorbed.  The  mixture,  if  distilled,  yields  the  oil  in 
question.  It  ia  purified  by  alternate  distillatiun  with  water  and 
sulphuric  acid,  and  finally  drying  it  with  chloride  of  calcium.  It 
is  a  very  mobile  liquid,  of  a  pleasant  ethereal  smell,  and  a  very 
sweet  taate  ;  it  boils  at  180°,  is  insoluble  in  water,  soluble  iu 
alcohol  and  ether. 

When  subjected  to  the  action  of  chlorine,  it  yields  hydrochloric 
acid,  and  products  rich  in  chlorine.  Among  lliese  are  the  hydro- 
chlorate  of  chloride  of  fonnyle,  Ci  H  CI  +  H  CI,  which  distils  at 
240°,  and  the  bichloride  of  formyle,  Ca  H,  Cls,  which  distils  at 
275°.  This  last  is  finally  convert«d  into  aesquicbloride  of  carbon, 
for  C,  H,  CIj  =  Ct  CI.  +  H  CI. 

Chloretheral  Is  tho  name  given  by  D'Arcet  to  a  compound 
formed  by  the  aotion  of  chlorine  on  olefiant  gas,  containing  both 
alcohol  and  ether.  Its  empirical  formula  is,  Ct  H*  CI  0  ;  so  that 
it  may  be  aldehyde,  plus  oil  of  olefiant  gas  ;  Ct  Hj  0,  U  O  -|-  C« 
H,  d.  H  CI  =  2  {Ct  Ht  Cl  O);  or  oxychlorido  of  acetyle,  p!u» 
oxide  of  ethyle :  Ct  H,  j^^  +  Ct  Hi  0  =  8  (C.  H.  Cl  0). 
The  true  nature  of  this  compound  is  unknown. 

Bromine  forms  with  olefiant  gas,  a  liquid  compound  analogous 
to  the  oil  of  olefiant  gas.  Its  formula  is  Ct  Hi ,  Br  +  H  Br.  Iodine 
forms,  with  olefiant  gas,  a  solid  compound,  which  would  appear  to 
beCt  H3,H  +  It,ratherthanC.  H.,I  +  HI. 

Anhydrous  sulphuric  acid  absorbs  olefiant  gas,  producing  a 
white  crystalline  solid,  2  S  Oa  -f*  Ct  Ht ;  which,  when  dissolveu  in 
water,  forms,  with  1  eq.  of  water,  ethionio  acid,  2  S  Oj  4-  Ct  Hi 
0  =  Ct  Ht  0>  +  S>  Ot.  The  original  crysUdline  compound  has 
been  called  sulphacetylic  acid. 


4.  Action  or  Bichu>bide  of  Flaiihum  oh  ALConoL. 

This  action  ia  very  complex,  yielding  aldehyde,  chloride  of 
ethyle,  chloride  of  acetyle,  and  other  volatile  compoonds,  along 
with  a  salt,  composed  of  chloride  of  platinum  and  chloride  of 
acetyle.  It  is  possible  that  3  eq.  of  oxide  of  etbyle,  with  4  eq  of 
bichloride  of  platinum,  may  yield  I  eq.  aldehyde,  1  eq.  water,  4 
eq.  hydrochloric  acid,  and  2  eq.  of  the  new  salt :  3  (Ct  Hi  O) 
+  4  Ft  01.  =  C  H)  O.  H  0  +  H b  +  4  H  Cl  +  2  (Ct  Hi  CI  +  Ptt 
Cl).  Zeke  considers  the  salt  to  be  C*  Ht  +  2  Ft  Gl,  which  form- 
idi  £fbn  from  the  preceding  in  containing  1  eq.  hvdraffen  more. 
Mkli^fuli  Bujipoaea  it  to  be  C«  Ha  0+  KPtCI ;  but  Zeise  has 
sIunriL  tfau  it  cont^ns  no  oxygen.  It  does  not  crystallise,  bat 
fonnt  ■  gnmmy  mass,  spontaneously  deoompoiinr  when  kept 

When  a  solution  of  bichloride  of  platinum  in  aloohol  is  aignted 
with  a  little  hydrochloric  acid,  and  chloride  of  potassium,  the 
alcohol  distillea  off,  and  the  reaidna  nentraliied  by  cartMoate  at 


potash,  a  yellow  crfetalliiable  salt  is  obtained,  which  cont^na  the 
preceding  compound,  plus  1  eq.  chloride  of  potasunm,  Ct  Hi  CI 
4-  Pti  CI  4-  K  CI.  Similar  double  salta  are  formed  with  chloride 
of  sodium  and  chloride  of  ammonium. 

These  double  sales  fomi  wilh  ammonia  a  yellow  precipitate, 
which  is  C,  Hi  CI,  Pt  01  +  N  Hj  . 

6.  AcTioH  OF  Heat  oh  AcKxtc  Acid  ahd  the  Acetates. 

Acetone.  Svn.  Pj/roatelie  Spirit.  Miiilie  Alcohol.  —  Fommla, 
Ci  Hs  0.  Is  formed  when  acetic  acid  is  passed  through  a  tube, 
heated  to  low  redness,  along  with  carbonic  acid,  carbonic  oxide, 
and  carburelted  hydrogen  ;  also,  when  the  acetate  of  an  nicali  or 
alcaline  earth  is  eiposed  to  beat,  when  a  carbonate  is  left,  and 
acetone  distils  over.  It  is  best  prepared  by  distilling  a  mixture  of 
2  parts  of  crystallised  acetnte  of  lead,  and  1  part  quick -lime.  Its 
formation  is  easily  explained  ;  for  anhydrous  acetic  acid,  C4  H* 
Oa,  contains  the  elements  of  1  eq.  carbonic  acid  and  leq.  acetone. 
C.  Hj  0.  =  C  0,  +  C)  Ha  O.  Acetone  is  also  formed  in  the 
distillation  of  sugar,  of  citric  acid,  of  tartaric  acid,  &c.  It  is 
parilied  by  rectification,  until  its  boiling  point  becomes  constant,  at 
100°.  It  is  a  clear  and  colorless  liquid,  of  8p.  Q.  0-7921,  and  baa 
a  peculiar  smell  and  a  pungent  taste.  It  is  miscible  with  wat«r, 
alcohol  and  etber,  in  all  proportions ;  and  is  separated  from  water 
by  the  addit4on  of  caustic  potash,  chloride  01  calcium,  or  other 
salts  insoluble  in  acetone. 

Heated  with  hypochlorite  of  lime,  it  is  converted  into  carbonic 
and  and  perchloride  of  formjie.  When  prepared  by  the  distil- 
lation of  acetates,  acetone  is  accompanied  by  an  oily  liquid, 
CxHi  0. 

Acetone  contains,  in  3  eq.,  the  elements  of  1  eq.  carbonic  ether 
and  1  eq.  olefiant  gas,  (hydnret  of  acetyle)  :  Ci  Ht  0,  C  Oi  + 
Ci  Ha.  H  =  C.  H>  Dj  =3(C]Hi  O);  or,  in  4  eq.,  we  have  the 
elements  of  1  eq.  acetic  ether,  and  1  eq.  hyduret  of  acetyle  :  C*  Hi 
O,  C.  Hs  0)  +  C.  Hi,  H  =  Ch  Hi.  0.^4  (C9  Hi  O).  Kane 
con»ders  acetone  to  be  Ct  Hi  0>  =  Ci  Hi  0,  H  0  ;  that  is,  the 
hjrdrated oxide  of  a  radical  C4  Hi,  which  he  calls  mesityle.  In 
this  view,  acetone  is  analogous  to  alcohol,  and  C>  Hi  0,  the  oxide 
of  mesityle,  to  ether.  But  although  Kane  has  obtained  tbis  com- 
pound, Cg  Ht  O,  and  also  another,  Ci  Hi  CI,  his  chloride  of  mesi- 


tyle, and  ellbough  he  has  likewise  formed  doable  salts  containing 
anlphurio  acid  and  the  elements  Ci  Hi  0,  yet  the  analogy  is  (iv 
from  being  established.  It  bu  not  yet  been  found  possible  to 
reproduce  acetone,  the  alcohol,  from  Uie  supposed  etner  of  the 
series,  as  we  can  reproduce  alcohol  from  the  salts  of  oxide  of 
ethyle.  Moreover,  in  these  double  salts,  the  body  Ct  Hi  0,  does 
not  act  as  a  base,  but  is  only  coupled  with  the  add,  as  naphtha- 
line in    anlphoaaphthalic  acid.     We   shall  not,  therefore,  mtar 
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into  minnte  details  of  the  theoretical  *iew8  alluded  to.  It  is  sttf- 
Gcient  to  enamerate  the  supposed  radical  mesityle,  C*  Hi  ;  its 
oxide,  Ct  Hi  O,  oxide  of  mesitj-le  ;  iu  hydrutcd  oxide,  Ci  H>  0. 
H  O  (acetone);  the  chloride  and  iodide  of  mcsityle,  Ci  Hi  CI  and 
C*Hi  1;  the  acid  sulphate  of  oxide  of  mesityle.  C>  H.  O.  H0,2  8 
O]  (sulphoniesitylic  acid);  the  double  salts  of  this  sulphate,  the 
formula  of  which  is,  C.  Hj  O,  H  O.  2M  0,  2  S  Oj  ;  and  a  com- 
pound  discovered  by  Zeise,  containing  oxide  of  mesityle  with 
chloride  of  platinum,  C.  Hi  O,  PtCI. 

The  action  of  nitric  acid  on  acetone  gives  rise  to  a  new  product, 
nitrite  of  onde  of  pteleyle,  C>  Hi  0,  NOi;  phosphoric  acid  appears 
to  form  a  compouod  acid  with  acetone ;  and  when  phosphorus, 
iodine  and  acetone  are  distilled  together  another  acid  is  obtained, 
which  appears  to  contain  bypophosphorous  acid. 

When  chlorine  acts  on  acetone,  it  producea  a  liquid,  C»  H*  Cli 
0*.  which  is  called  mesitic  chloral. 

Hesitylene,  Ci  Ht.  This  compound  ia  obtained  when  acetone 
a  distilled  with  fuming  sulphuric  acid.  It  is  an  tx\j  liquid  boiling 
about  300°.  Acetone  2  (Ci  Hi  O)  =  C*  Hi  +  3  H  O  ;  and  this 
explains  its  production. 

When  mesitylene  is  acted  on  by  nitric  acid,  it  yields  a  liquid, 
G(  Ht  Oi,  called  by  Kane,  mesitic  aldehyde.  But  when  chlorine 
is  passed  through  mesitylene,  a  crystallioe  solid  is  obtained,  con- 
taining a  new  radical  ptelcyle,  combined  with  chlorine,  Ci  Ht  -t- 
Cli  +  C.  Hj  CI  +  H  CI.  The  compound  C.  H>  CI  ia  the  dilo- 
ride  of  the  suppooed  aaw  radical  pteleyle,  CiHj.  Kane  has 
described  a  compound  in  yellow  acaJes,  which  he  conaidera  to  be 
iodide  of  pteleyle.  It  is  very  deairable  that  the  whole  of  the  com- 
pounds derived  from  acetone  should  be  again  carefully  examined, 
•ince  their  true  conatitnlion  cannot  be  considered  aa  established. 

COXFOITNOB    COHTAINIMO    ^RSIKIO,    I>KBITK1)    ySOK    ACXTILK. 

When  acetate  of  potash  is  heated  along  with  arBenious  acid,  a 
Tery  remarkable  liquid  is  obtained,  which  is  the  oxide  of  a  new 
radical.  This  liquid,  which  is  spontaneously  inflammable,  and  has 
a  most  offensive  alliaceous  smell,  baa  been  long  known  in  ao 
impure  state,  under  the  names  of  liquor  of  Cadet,  and  alcanune. 
Bunsen,  by  a  long  series  of  the  moat  profound  and  persevering 
researches,  established  its  true  charaoter,  aa  the  oxide  of  the  radi- 
cal caeodyle.  He  has  even  auoeeeded  in  obtwnining  dte  radios] 
itself  in  Uie  separate  state,  and  in  eatabliihing  the  moat  perfect 
ttialogy  between  that  radical  an^  a  metal,  in  lUl  ita  cbeinjaal 
relations. 

XVTII.  Caoootlx.    C4HiAai=Kd. 

The  radical  is  beat  obtained  from  the  oblnide  of  caeodyle,  Kd 
CI,  by  the  action  of  lino  at  SIS°.  Chloride  of  sine  ia  formed,  and 
eocodyle  ia  set  free.    It  it  rectified  in  an  i^mntM  filled  irith 
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earbonio  Koid  gu,  to  prerent  decompoaitioa.  It  is  k  clear  liquid, 
refracting  light  stooHgly.  When  cooled,  it  crygtallizei  in  urge 
aqnare  prismi,  and  Kcqnirea,  when  pore,  Uie  apj>earancfl  of  ice. 
Its  smell  ia  innpportably  ofienuve,  and  its  vapor  is  highly  pnxn- 
mu.  The  two  latter  characters  belong  to  alfthe  componnds  at 
cacodyle,  with  hardly  an  exception.  Gacodyte  is  spontaneously 
inflammabte  in  the  air ;  a  rod  moiHtened  with  it  instantly  takes  fire 
when  exposed  to  the  air.  It  forms  two  distinct  oxides ;  the  pro- 
toxide, KdO  (alkannne),  and  cacodylic  acid,  KdO*. 

Protoxide  of  Cacodyle.  C«  H«  As,0  =  edO. 
Sra.  Alkartine. — >Tfai8  is  the  chief  bgredient  of  the  liquOT  <rf 
Cadet ;  it  is  purified  by  repeated  rectificabona  in  an  atmosphere  of 
carbonic  acid,  and  is,  when  pure,  a  limpid  etherial  liquid,  refracting 
light  powerfiilly ;  it  boils  at  about  300°,  and  at —  9°  it  crystallbes 
in  white  scales  of  a  satiny  lustre.  Its  amell  is  most  offensirs,  and 
its  taste  very  nanaeous.  If  placed  on  tiie  skin,  it  causes  violMit 
Itching,  and  if  taken  interaaUy  it  ia  a  most  energetic  poison.  It  la 
sparingly  soluble  in  water,  more  soluble  in  alcohol  and  etber. 
Xiiko  cacodyle.  it  takes  fire  when  exposed  to  the  air.  When  left 
under  water,  it  gradually  disappears,  being  for  the  most  part  «m- 
Terted  into  eacodylie  acid.  The  production  of  oxide  of  cacodyle 
IS  Tery  simple  ;  2  eq.  dry  acetic  acid  and  1  eq.  aneaious  acid  yield 
4  eq.  carbcniie  add  and  1  eq.  oxide  of  cacodyle :  2  (Ci  Hj  Ot) 
+  As  Oi  =  4  0  Oi  +  C4  H.  As  0. 

CaeodyUc  Add.    Kd  0»  ->  C.  H.  As,  Oj. 

Stk.  Atcarpmt. — Fonned  by  the  gradual  oxidation  of  the  pnt 
oxide,  under  water.  It  forms  oblique  four-aided  prisms,  brittle, 
and  of  a  glassy  lustre.  They  have  no  smell,  and  are  soluble  it 
water  and  alcohol.  Its  salts  do  not  crystallise.  If  any  reditdi^ 
agents  convert  it  into  the  protoxide  by  removing  t  eq.  of  oxygra. 
It  is  not  in  the  least  poisonous. 

There  appeara  to  be  an  intermediate  oxide,  Kd  Oi ;  but  it  has 
not  been  obtuned  in  a  state  of  parity. 

Chloride  of  cacodyle,  Kd  01  =  C.  H.  As,  CI4  =  Kd  01,  ia  ob- 
tained by  heating  a  compound  of  oxide  of  cacodyle  and  corrodTe 
sublimate  along  with  hydrochloric  acid :  Kd  O,  Hg  Cli  4-  H  CI  3 
Kd  CI  -I-  H  0  +  Bg  Clt .  It  ia  a  volatile,  horribly  fetid  liquid,  the 
vapor  of  which  attacks  strongly  the  lining  membrane  of  lAe  DOM, 
and  provokes  a  flow  of  tears.  When  exposed  to  the  air,  it  deposits 
crystals  of  an  oxychloride  of  cacodyle,  Kd  0-|-  3  Kd  CI.  The  iodide, 
bromide,  and  fluoride  of  cacodyle,  are  in  sil  points  analogous  to 
the  chloride;  and  form,  when  exposed  to  the  air,  oxyiodide, 
ox y bromide,  Ae. 

Sulphur  forms  with  cacodyle  three  compounds  :  the  protosul- 
pbide,  Ed  6,  is  obtained  by  distilling  cblorid«  of  cacodyle  willi 
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hydrosulpfaide  of  sulphur  of  barium  :  Kd  CI  +  Ba  8,  H  S  =  Ed  S 
+  Bb  CI  +  H  S.  It  IB  a  clear,  Tolatile,  very  fetid  liquid,  heavier 
than  water.  It  dissolves  sulphur,  forming  the  bisulphide  Kd  Si, 
which  is  a  very  permaoent  compouud.  The  persulphide,  Ed  Si ,  is 
a  sulphur  acid,  and  forms  sulphur  salts  which  are  very  permaDent, 
with  the  sulphides  of  hijfhiy  basic  metals.  The  sulphur  salt  of 
eaoodyle  and  lead,  PbS,KdS»,  crystolliiea  beautifully. 

Cj-anide  of  cacodyle,  Kd  Cy  =  C,  Hn  As,  G>  N,  is  formed  by 
distilling  bicyanide  of  mercury  with  water  and  oxide  of  cacodyle. 
When  pure  it  forms  large  brilliant  crystals,  very  fusible  and  vola- 
tile. The  vapor  of  this  compound  is  so  poisouous  as  to  be  in  the 
highest  degree  dangerous  to  the  experimenter. 


COHPOUKDS    or    CACODfLE    C 

Chloride  of  cacoplatyle.  C,  Ht  AsPtOi,  CI.  This  compound 
ifl  formed  when  an  alcoholic  solution  of  bichloride  of  platinum  is 
added  to  a  similar  solution  of  chloride  of  cacodyle,  when  a  reddbh- 
brown  precipitate  is  formed,  which,  being  boiled  with  water,  gives 
a  solution  from  which,  on  cooling,  needles  of  the  new  compound 
are  deposited.  Bromide  of  cacoplatyle  and  iodide  of  cacoplatyle 
may  be  formed  &om  the  chloride,  and  ore  analogous  to  it.  The 
£>rmer  appears  in  large  yellow  crystals,  the  latter  in  golden 
micaceous  scales. 

When  the  chloride  is  acted  on  by  sulphate  of  silver,  there  is 
obtained,  along  with  chloride  of  silver,  the  sulphate  of  the  oxide  of 
cacoplatyle,  C*  Hi  AsPtOi.SOj.  It  forms  white  crystalline  grains. 
The  radical  of  these  singular  compounds,  cacoplatyle,  may  be 
represented  as  composed  of  protoxide  of  platinum,  water,  and 
cacodyle:  PtO,  HO,  Ct  Hi  Ass.  We  have  therefore  the  follow- 
ing series,  which,  like  those  derived  from  the  bases  containing 
platinum,  formerly  described,  throws  much  light  on  the  nature  of 
the  vegetable  bases  : 

Radical,  cacoplajtle,  Pt  O  +  Kd       =  Ci«  Hi  AsPt  O. 

Chloride  of  do.,  anhydrous,  Pt  O,  Kd  +  CI 
Chloride,  hydrated,  PlO,Kd  +  CI  +  HO 

Chloride,  ammoniated,        Pt  O,  Kd  4- €1  -j- N  Hi 
Oxide,  hydrated,  PtO,Kd  +  0  -(-H  O 

Sulphate,  hydrated,  CPt  O,  Kd  -[-  O,  H  O)  +  S  C 

It  is  to  be  particularly  borne  in  mind  that  this  radical,  whose 
basic  character  is  quite  obvious,  contains  two  metals,  arsenic  and 
platinum,  quite  foreign  in  general  to  organic  compounds. 

The  existence  of  cacodyle  itself,  and  the  perfect  analogy  which 
may  be  traced  between  it  and  the  simple  metab,  in  their  relation! 
to  all  other  substances,  render  the  rasnJts  of  the  researches  of  Bnn- 
sen,  which  have  been  so  very  briefly  described  in  this  work,  of 
the  very  highest  importance  to  the  theory  of  organic  componndSi 
and  espedaUy  to  that  of  Mupoand  radicals. 
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APPmDIZ  to   ETHTLB  ARD  AtXITLa. 8USAB> 

Snffar,  as  the  substance  from  which  alcohol  and  all  tb«  c<uii- 
pounOB  of  ethyle  are  eiclusivelj'  obtained,  comes  properly  to  be 
considered  here  as  an  appendix  to  these  compounds.  There  are 
several  kinds  of  sugar,  capable  of  undergoing  fefmentation  and  of 
producing  alcohol.  These  are,  cane  sugar  ;  grape  sugar ;  (sug&r 
of  starch  ;  of  honey  ;  diabetjc  sugar);  sugar  of  milk  ;  and  uncryt- 
talliiable  Hu»Br.  The  sugar  of  mushrooms  has  been  found  to  be 
mannite,  which  is  not  fermentescible. 

I.  Cant  Sugar.  Cii  H>  0>  +  2  H  O  —  Occurs  in  great  abund- 
ance in  the  sugar-cane,  the  beet-root,  the  mapie,  besides  many 
other  vegetables.  It  is  extracted  from  the  juice  of  these  plants  \>j 
crystallization,  the  evaporation  being  conducted  at  aa  low  a  tem- 
perature as  possible.  It  crystalliEes  with  great  facility,  either  m 
small  grains  bv  rapid  cooling  of  a  strong  syrup,  aa  in  loaf  sugar  ; 
or  in  large  distinct  crystals  by  a  slow  process,  as  in  sugar  caadjr. 
The  above  formula  represents  the  composition  of  pure  crystalliied 
sugar. 

Sugar  forms  large  transparent  hard  crystals,  which  melt  at  302°, 
or.  according  to  Peligot,  at  356°,  forming  a  viscid  liquid,  which  ob 
cooling  forms  a  transparent  amorphous  mass,  barley  sugar.  Thii, 
when  kept,  gradually  becomes  crystalline,  opaque,  and  friable. 
About  420°  sugar  is  converted  into  a  brown  tasteless  mass,  cara- 
mel, losing  3  eq.  of  water. 

Sugar  diBSoIves  in  f  of  its  weight  of  cold,  and  in  any  quanti^ 
of  boiling  water  ;  a  solution  saturated  at  S30°  becomes  a  solid  orra- 
talline  mass  on  cooling  (tablet)  :  a  solution  saturated  in  the  cold  is 
viscid,  and  is  called  syrup,  syrup,  when  long  boiled,  loses  the 
property  of  crystallizing.  The  crystallization  of  sugar  from  symp 
13  also  prevented  by  the  addition  of  ^,  of  oxalic,  citric,  or  malio 
acids.  When  boiled  with  diluted  sulphuric  acid,  cane  sugar  is  con- 
verted into  grape  sugar.  With  strong  sulphuric  acid  it  producea  k 
dark  brown  liquid,  containing  a  new  acid,  sulphosaechario  acid. 
Nitric  acid  converts  it  into  saccharic  acid,  oxalic  acid,  and  carbonic 

When  boiled  with  very  diluted  sulphuric  acid,  sugar  absorbs 
oxygen  from  the  air,  and  produces  formic  acid,  and  a  brown  mat- 
ter identical  with  ulmine,  formed  by  the  decay  of  wood.  Sugar 
prevents  tbe  precipitation  of  many  metallic  solutions  by  alcalies  ; 
and  when  mixed  with  oxide  of  copper  and  potash,  the  oxide  of 
copper  is  dissolved,  farming  a  purple  solution,  which,  on  boiling, 
deposits  red  suboxide  of  copper.  It  reduces  partially  the  oxides 
of  many  metals,  when  boilCKl  with  their  solutions. 

Sugar  forms  cry  stall  liable  compounds  with  the  alcalies,  oxide 
of  lead,  and  chloride  of  sodium.  When  in  contact  with  the  lining 
membrane  of  the  stomach  of  a  calf,  or  with  the  caseine  of  milk, 
angar  ia  tranalM'med  into  lactic  and  butyric  ocida. 
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Sn^,  if  token  along  with  nitrogeniicd  food,  mty  be  called 
nntritioos  :  it  if  ould  appear,  however,  to  act  chiefly  in  contribntjng 
io  the  anpport  of  respiration,  and  thiu  keejung  up  the  animal  heaL 
An  animal,  confined  to  sugar  as  food,  soon  dies  from  want  of  lutro- 
geniied  or  albuminoiu  matter,  with  the  symptoms  of  starvation. 

When  a  solution  of  sugar  ie  examined  by  polarised  lisht,  it  gives 
riae  (o  a  aeries  of  rings  of  the  prismatic  colors,  when  the  plane  of 
polariialioa  ia  made  to  rotate  from  left  to  right. 

SiroAH  WITH  BASU   AND  SALTS. 

With  lime,  sugar  forms  a  sparingly  soluble  compound,  OnH* 
Oi  +  jjjQ  With  baryta,  it  forms  a  ciystallizablc  compound, 
CaH*  0»  jjTQ  With  oxide  of  lead  it  yields  an  insoluble  com- 
pound,  CnH>  Ot.SPbO  ;  and  with  common  salt  it  yields  a  orys- 


S.  €fn^  St^ar.  Bra.  Gltfcote.  iHab^ie  Sugar.  Slareh 
Btigvr,  CHHMOM.-^Tbissugaroecursin  the  juice  of  many  fruits, 
and  is  besides  a  product  of  the  metamorphous  of  starch,  cane 
nifpkr,  woody  fibre,  augar  of  milk,  Ac,  when  boiled  widi  diluted 
acids.  It  may  also  be  obtained  from  starch  by  the  action  of 
infusion  of  mdt,  or  of  diastase.  It  occurs  in  the  nrine  of  those 
affacted  with  diabetes  mellitos.  The  crystals  which  fbnn  in  honey 
an  likewise  grape  sugar. 

It  is  best  extracted,  from  dried  grapes,  or  honey,  and  is  also 
prepared  on  the  large  scale  from  starch.  1  part  of  starch  is 
boiled  with  4  of  water,  and  from  tIy  ^  tV  °'  sulphuric  acid,  during 
S6  or  40  hours ;  or  an  infusion  oi  malt  la  added  to  jelly  of  starch. 
which  soon  becomes  liquid,  and,  in  a  few  hours,  is  converted  into 
ingar.  When  acid  is  used,  it  is  nentralized  by  chalk,  the  solution 
of  sugar  filtered,  and  evaporated  to  a  syrup,  or,  if  required,  to  a 
dry  mass.  In  this  process,  starch,  Ch  Hn  Oio,  takes  up  4  eq. 
water,  and  produces  grape  sugar,  Cn  Hu  Oi« ;  go  that  100  parts  of 
pure  starch  yield,  or  ought  to  yield,  1X2  of  grape  sugar.  The 
same  explanation,  only  varying  the  quantity  of  water,  applies  to 
the  conversion  into  grape  sugar  of  cane  sugar,  ChBiiOu; 
woody  fibre,  CiiHt  Oi  ;  and  sugar  of  milk,  CitHnOit,  these 
compounds  requiring  3,  6,  and  2  eq.  of  water  respeotively  to  form 
grapB  sugar. 

The  action  of  infnuos  of  malt  ia  not  azplomed :  all  that  we 
know  is,  that  this  infiwion,  or  a  sohitioa  of  diastase,  a  snbatanoe 
contained  in  it,  do  actually  oaose  storoh  to  take  the  fbnn  of  grape 
BUgar.  It  is  probable  that  tbo  diastase  ia  in  a  state  of  decomposi- 
tioD,  and  may  act  as  a  ferment  The  action  of  the  acid  would 
seem  to  be  equally  obsenra ;  but  ther*  is  MnH  leaaou  to  tbink 
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tbat  there  U  first  formed,  u  in  the  case  of  ether,  a  coupled  and, 
or  acid  salt,  which,  like  Bulphovinic  acid,  ia  decomposed  by  boiling. 
Accordiog  to  Be  Sanssure,  sulphuria  acid  and  etarch  actaiJ^ 
form  a  cry  stall  izable  compoimd. 

Grape  sngar  crystallizes  from  alcohol  in  square  tables  or  cnbes  : 
a  concentrated  syrup  of  it  yields  only  a  mass  formed  of  crystalltQe 
grains.  It  is  much  less  solable,  requiring  1^  parts  of  cold  water, 
And  less  sweet  to  the  tafte,  than  cane  sugar :  in  &ct,  1  part  of 
eane  sugar  sweetens  as  much  as  S^  of  grape  sugar.  It  is  much 
more  soluble  in  cold  alcohol  than  cane  sugar.  At  218°  grape 
sugar  loses  2  eq.  of  water  ;  when  heat«d  beyond  t84°  it  becomes 
caramel.  Hot  water  dissolves  any  quantity  of  grape  lurar,  but  the 
syrup  is  not  nearly  so  viscid  as  that  of  cane  sugar.  Bolntion  of 
grape  sugar  exhibits  the  prismatic  rays  with  polarized  light  ythea 
the  plane  of  polarisation  is  rotated  from  right  to  left,  the  colors 
being  less  hnlliant.  Now,  as  oane  sugar,  when  fermented,  first 
becomes  grape  sugar,  the  colored  rings  at  first  shown  by  it  wh«a 
the  plane  ot  polaritatton  is  rotated  from  lelt  to  ri^t  disappear 
during  fermentation,  hut  reappear  when  rotation  is  made  mm 
right  to  left. 

Orape  sugar  is  eaidly  dtstingnished  from  cane  sugar  by  the 
action  of  adds  and  bases.  Strong  snlphuric  acid, dissolves  with- 
out charring  it,  forming  snlphosacchano  acid  ;  and  the  aloalies  <v 
alcaline  earths,  which  do  not  decompose  cane  sugar  unless  very 
ooneentrated,  rapidly  convert  grape  sugar  into  a  brown  matter. 
Peroxide  of  lead  converts  it,  at  Slf ,  into  basic  formiate  of  lead, 
earbonate  of  lead,  and  water. 

With  baryta  and  lime,  and  oxide  of  lead,  gnpe  su^r  forms 
compounds  which  it  is  difficult  to  obtain  pure.  That  with  baryta 
appean  to  contain  3  eq.  baryta  for  S  eq.  of  sugar,  and  as  the 
baryta  replaces  water  in  such  compounds,  it  is  probably  CmHb 
0»,3B80  =  C«Hm0u  II  ^"q  The  compound  with  lime 
obeCi.H.>0[i,  !CaO;  and  that  with  )ead  CoHnOn. 

S30se  the  dry  grape  sugar  to  be  Ci>  Hn  On, 
3  eq.  water  find  3  eq.  base,  then  we  should 
nave, 

CiysUlliied  grape  sugar CiiH<iOii+     3H0 

Compotmdwithbsryla Jc"HnOn+     3B«*0 

"     Ume C.iHnO.+  j^J'o 

"    ozideoflead     .   .    .       C»HiiO»+     3PbO 
But  the  compound  which  grape  sugar  forma  with  common  salt, 
and  which  crystallites  very  readily,  does  not  agree  exactly  with 
this  view.     The  crystals  are  2  (  Cn  Hi<  Oi.)  +  Na  CI  +  2  H  O ; 
and  lit  212°  (fa«y  lose  th«  two  equivalents  of  water. 


appears  to  be 
3PbO.     If  1 
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The  sulphosaccharic  acid,  above  mentioned  as  being  formed 
when  grape  sugar  is  acted  on  by  oil  of  vitriol,  has  not  been  fully 
examined.     It  forms  a  soluble  salt  with  baryta. 

With  organic  acids  grape  sugar  forms  compounds,  the  su^r  in 
which  cannot  be  brought  to  crystallize.  Hence  organic  acids  in 
vegetable  juices  act  injuriously  by  first  converting  cane  sugar  into 
grape  sugar,  and  then  forming  with  it  unorystallizable  compounds. 

When  sugar  is  boiled  with  hydrochlo|;ic  acid,  it  yields  different 
brown  products,  according  to  the  strength  of  the  acid.  With 
equal  parts  of  acid  and  water,  it  yields  a  body,  CmHh  Oo  :  with  a 
weaker  acid,  two  brown  compounds  ;  a  soluble  one.  Cm  Hm  Oit, 
and  an  insoluble  one.  Cm  His  Oh,  When  boiled  with  diluted  sul- 
phuric acid,  two  substances  are  formed,  which  are  nearly  black  ; 
on6»^acchulmine,  insoluble,  and  the  other  sacchulmic  acid,  soluble 
in  ammonia.     The  latter  is  Css  Hm  Ois. 

When  boiled  with  alcalies,  cane  QUfirar  is  first  converted  into 
grape  sugar,  and  then  into  formic  acid,  and  two  new  acids,  the 
fflucic  acid  and  the  melassic  acid.  Glucic  acid  is  very  soluble,  and 
Its  formula  is  either  Cu  His  Ois,  6  H  O,  or  C12  Hs  Os,  3  H  O.  It 
is  chieflv  formed  before  the  application  of  heat,  which  converts  it 
into  melassic  acid.  This  latter  acid  is  formed  from  sugar  by  the 
joint  action  of  heat  and  alcalies.  It  has  a  very  dark  color,  and 
when  separated  by  hydrochloric  acid,  appears  as  a  black  flocculent 
deposit.     Its  formula  is  Cs«  H»  Oio(?) 

Caramel,  the  black  matter  formed  by  heating  sugar  to  about 
400^,  has  the  formula  of  anhydrous  cane  sugar,  CiiHs  Oo.  It 
dissolves  readily  in  water,  forming  a  solution  like  sepia,  which  is 
tasteless  when  pure.  The  caramel  of  commerce  contains  a  good 
deal  of  undecomposed  sugar. 

When  sugar  is  distilled  with  3  parts  of  lime,  it  yields  a  liquid 
which  is  a  mixture  of  acetone  and  metacetone.  Metacetone  is  a 
colorless  liquid,  of  an  agreeable  odor,  boiling  at  1 83°,  and  insolu- 
ble in  water.  Its  formula  is  C«  Hs  0  ;  and  it  may  be  considered 
as  2  eq.  acetone,  Ce  He  Oa,  minus  1  eq.  water. 

1  eq.  of  anhydrous  sugar Cii  Hs  Oo 

Contains  1  eq.  acetone Ca  Hs  O 

1  eq   metacetone Ct  Hs  O 

3  eq.  carbonic  acid C*      O0 

1  eq.  water  HO 

Together CitHoOe 

The  formation  of  these  products  is  therefore  easily  accounted  for. 
When  sugar  is  heated  with  hydrate  of  potash,  several  products 
are  formed,  but  among  them  is  an  acid,  Cs  Hs  Os  =  Cs  Hs  Os, 
HO,  which  is  metacetonic  acid,  evidently  derived  from  metaceUme 
by  oxidation  at  the  expanse  of  the  hydrate.    It  is  very  similar  to 
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tcetia  Bctd,  and  like  it,  beloags  to  the  Kries  of  volntile  acida  of  the 
general  formula,  (CH)n  +  0.. 

ACTION  OW  MTBIC  ACID  OK  GUQAE. 

Saeduirie  Aeid,  Cn  Hm  On,  6H0  ?or  C.  H*  Ot,  HO— Is  one 
of  the  produota  of  the  action  of  diluted  nitric  acid  on  cane  or  grape 
sugar.  When  stronger  acid  ia  nsed,  oxalic  nnd  carbonic  acids  are 
the  chief  products.  When  eagar  has  been  heated  with  3  parts  of 
nitric  acid  and  10  of  water,  the  acid  liquid  gives,  with  basic  ace- 
tate of  lead,  an  insoluble  saccharate  of  lead,  which  is  decomposed 
bv  sulphuretted  hydrogen,  and  the  acid  solution  so  far  neutralized 
with  potash  that  on  evaporation  it  yields  crystals  of  the  acid  sac- 
charate of  potash.  This  salt  is  purified,  again  converted  into 
■accharate  ot  lead,  and  again  the  lead  salt  is  decomposed  by  tnl- 
phuretted  hydrogen.  The  acid  this  time  is  pure.  It  crystallizea 
with  difficulty. 

This  acid  has  been  supposed  to  be  quintihasic,  and  to  form  fire 
•eriea  of  salts,  bat  the  latest  researches  of  Heintz  lead  to  the  con- 
clusion that  it  is  either  CgH<Oi.HO,  or  Ci>HiOii,2HO. 
Owing  to  the  very  discordant  results  of  different  experimenters, 
we  shall  not  here  enter  into  details  which  are  uncertain.  Saccharic 
acid  forms  a  crystallizahle  acid  salt  with  potash,  and  definite  salts 
with  many  other  bases.  It  is  isomeric  with  mucic  acid :  for  dt 
Hi  Oh,  2  H  O  is  the  probable  formnta  of  mucic  acid. 

The  SRccharato  of  silver,  when  gently  heated  under  water,  is 
decomposed,  the  silver  being  reduced  ;  and  as  this  occurs  without 
effervescence,  the  reduced  metal  adheres  to  the  glass,  and  forms  a 
bright  mirror  surface.  The  other  saccharates  are  only  interesting 
in  respect  to  their  composition.  On  the  whole,  saccharic  acid  is  a 
compound  of  high  theoretical  interest,  and  the  formadon  of  two 
isomeric  acids,  saccharic  and  mucic,  by  the  action  of  nitric  acid  on 
cane  and  grape  sugar  on  the  one  hand,  and  on  sugRr  of  milk  oo 
the  other,  is  a  fact  which  may  hereafter  lead  to  a  knowledge  of  the 
true  constitution  of  tlie  different  kinds  of  sugar. 

Notwithstanding  the  fact  that  cane  sugar  is  easily  converted  into 
grape  sugar,  and  that  the  formula  differ  only  by  3  eq.  water,  it  is 
eviaent  that  these  two  kinds  of  sugar  differ  more  than  if  they  were 
merely  different  hydrates  of  the  same  compound.  Strong  mineral 
acids  instantly  decompose  cane  sugar,  but  have  litile  action  on 
grape  sugar  ;  while  alcalies,  which  combine  with  cane  sugar  to  form 
crystalline  compounds,  rapidly  convert  grape  sugar  into  dark  com- 
pounds, glucic  and  melassic  acids.  And  although  both  sugars 
agree  in  undergoing  the  same  (vinous)  fermentation,  yet  it  is  most 
probable  that  cane  sugar,  before  fermenting,  becomes  grape  sugar. 

When  vegetable  juices  containing  cane  sugar  are  evaporated, 
the  presence  of  oi^nic  acids  causes  its  conversion  into  grape 
sugar  ;  and  when  lime  is  added,  to  clarify  the  juice,  the  action  of 


tbe  lime  on  grape  sugar  when  evaporated,  prodooea  gindo  and 
metasaic  acids ;  in  other  words,  renders  much  sugar  dark  aod 
uncrystallizable,  converting  it  into  molasses.  A  great  part  of  the 
loss  owing  to  this  cause  has  of  late  yeara  been  avoided  by  care- 
fully neutralizing  with  sulphuric  acid  as  soon  as  the  lime  haa 
effected  the  clanGcation. 

3.  Suffor  of  MUk,  or  Laetint,  CttHnOii  +  fiHO  c:  CnHm 
Oh  —  Is  obtained  by  eraporating  clarified  whey  till  it  crystallizes. 
When  pure  it  farms  hard  white  crystals,  soluble  in  5  or  6  parts  of 
cold,  and  2^  of  hot  water.  The  taste  of  the  crystals  is  feeble,  bnt 
a  concentrated  solution  tastes  very  sweet.  It  ia  insoluble  in  ether 
and  alcohol.  It  stands  between  cane  SDzar  and  grape  sugar  in 
oompoution;  lor  while  cane  sugar  is  CwHti  On,  and  grape  sugar 
CmUk  Ou,  lactine  is  Cm  Hm  Oh  s:  2  (  Cn  H»  On).  By  boiling  with 
diluted  acids,  it  is  converted  into  grape  sugar.  By  the  action  of 
nitric-acid,  it  yields  mucic  or  saccholactic  acid.  It  combines  with 
ammo(iia  and  with  oxide  of  lead.  Its  presence  prevents  the  pre- 
oipitatim  of  many  metallic  solutions.  Suoar  of  milk  is  susceptible 
of  the  vinous  fermentation,  and  it  ia  well  known  that  some  nations 
prepare  an  intoxicaUng  liquor  firom  milk  by  fermentaticm.  There 
IS  reason  to  think  that  previous  to  fermentation,  it  b,  like  cane 
sugar,  ccmverted  into  grape  sugar ;  and  at  all  events  milk  does  not 
ferment  until  an  acid  has  been  formed  in  it,  which  acid  c^Hiverts 
laetinu  into  grape  sugar. 

Sugar  of  milk  forms  two  compounds  with  oiide  of  lead :  first, 
neutral,  Ch  Ho  On.  5Pb  0  ;  second,  basic.  Cm  Hi>  Ob,  10  Fb  0. 

Uuricacid,  CaH>OH+ 8H0,  is  fcwmed  when  diluted  nitric 
acid  acts  on  sugar  of  milk,  gum,  or  mannite.  It  is  a  white  crys' 
talline  powder,  of  a  feebly  acid  taste,  soluble  in  6  parts  of  b(»hng 
water,  which  depouti  nearly  the  whole  on  cooling.  Its  solution, 
when  long  heated  and  evaporated,  yields  the  modified  mudo  acid. 
Uucic  acid  dissolves  in  oil  of  vitriol  with  a  crimson  color.  When 
healed  it  blackens,  and  yields  among  other  products,  pyromucic 
acid. 

Mucic  acid  is  bibasic,  and  forms  two  series  of  salts,  one  with 
S  eq.  fixed  base,  the  other  with  1  eq.  fixed  base,  and  1  eq.  water. 
These  salts  have  little  interest.  The  mncate  of  oxide  of  ethyle  or 
mucic  ether,  crystallizes  in  4  aided  prisms,  soluble  in  hot  water. 
When  boiled  with  a  base,  it  yields  alcohol,  and  mucate  of  the  base. 
lis  formula  is  Ca  Hi  0»  +  2  Ae  O. 

UodiGed  mucic  acid  ia  miH«  soluUe  in  water,  sdnUe  in  alcobol, 
from  which  solution  it  is  deposited  in  squara  tables.  Its  aqtuoBa 
solouon,  saturated  at  the  boiling  pomt,  depoaita  on  oooling  orainarj 
mucie  acid.  Its  salts  ore  more  aohtble  than  the  mucatet,  but 
the  acid  in  them  easily  passes  into  the  ordinary  acid.  It  is  prob- 
able that  the  modified  acid  contains  1  eq.  of  water  mors  tban  *h* 
other. 
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PTTOmncio  ndd,  C«Ut  Oi  +  H  0,  is  formed  by  tbe  dry  distilla- 
(kn  of  mucic  acid.  1  eq.  or  mucic  acid,  CiiHioOm,  con  tain  b  the 
elements  of  1  eq.  pyromucic  acid,  C10H4  Os,  6  eq.  water,  Hs  Oa, 
and  2  eq.  carbonic  Hcid,  Ci  O4.  Pyromucic  acid  forms  brilliiuit 
while  scales,  fusible  at  S66°,  and  volatilizes  completely  at  a  tem- 


perature somewhat  higher.     It  is  soluble  in  water  and  alcohol. 
Its  salts  are  not  important.     Fvromncatf  qf  oijde  of  ethyle,  Cu 
,  Ae  0,  is  a  solid  erystallizable  compound,  fusible  at  93°, 


volatile   at  410°.     Chlorioe  acts  on  this  ether,  forming  a  new 
compound,    CiiHiCliOi,   the  constitution    of    which   is  quite 


4.  Sugar  <^  Muskroonu.  —  Wiggers  obtained  from  ergot  of  rye 
a  saccharine  compound,  crystallizing  in  transpnrent  rhombic  prisms, 
soluble  in  water  and  alcohol,  and  susceptible  of  the  vinous  lermen- 
tatiun.  An  analysis  of  this  sugar  gave  the  formula  Cu  Hb  Oii, 
that  is,  grape  sugar,  miniia  1  eq.  water.  This  may  be  a  diaUncl 
kind  of  sugar ;  but  the  mnshroom  sugar  of  Braconnot  is  mannile 
at  manna  sugar. 

We  have  seen  that  starch  and  woody  fibre  may  be  converted 
into  grape  sugar  by  boiling  with  dilute  sulphuric  acid  ;  in  like 
manner,  salicine  and  phloridzine,  boiled  with  the  same  acid,  yield 
saliretine  and  phloretine,  in  each  case  along  with  grape  sugar. 
But  the  action  of  the  infusion  of  malt  is  still  more  singular ;  we 
have  seen  tliat  starch  by  contact  with  infusion  of  malt  is  rapidly 
converted  into  grape  sogar.  This  acticai  is  ascribed  to  thepreaenee 
of  diasUse,  a  nitrogenised  body  which  exists  in  malt,  and  which, 
while  it  causes  the  conversion  of  starch  into  sugar,  itself  disap- 
pears. The  action  is  not  fully  understood,  but  there  is  no  doubt 
that  when  seeds  germinate,  (be  starch  they  contain  is  in  this  man- 
ner rendered  soluble,  and  conveyed,  as  sugar,  to  all  parts  of  the 
plant,  there  to  be  converted  into  woody  fibre  by  a  process  the 
inverse  of  that  by  which  woody  fibre  is  converted  into  sugar. 
This  latter  is  seen  in  the  ripeniuR  of  fleshy  fruits,  where  a  quan- 
tity of  cellular  matter  (Ugnine)  aisappeara,  and  the  proportion  of 
sugar  very  much  iocreases. 

TUfODS  OR  ALCOBOUG  nRHUrrATIOB. 

This  name  is  given  to  that  change  by  which  sugar  is  resolred 
into  alcohol  and  carbonic  acid,  by  contact  with  a  ferment.  The 
sugar  must  be  dissolved  in  water,  and  the  solution  must  be  exposed 
lo  a  temperatore  of  from  40°  to  86°.  If  a  fennent,  snch  as  yeast, 
be  added,  the  sugar  soon  disappears,  carbonic  acid  is  given  off  in 
lai^  quantity,  and  the  liquid  is  found  to  contain  alcohol,  which 
may  be  separated  by  distillation.  Now,  grape  sugar,  CnHi^On, 
eontains  the  elements  of  S  eq.  alcohol,  4  eq.  cartHsnio  acid,  and 
f  eq.  water,  K  {C«  H.  O.)  +  4  C0»  +4H  O  ;  and,  by  very 
•xact  expeiimenla  it  haa  been  provad  that  too  farta  of  grape 
35 
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rogar  yield  only  47' 12  of  ftlcohol,  44-84  of  carbonic  acid,  together 
91-96  ptu-ta,  the  loss,  904  parte,  beini;  the  i  eq.  of  water  wparaled. 
On  the  other  hand,  cane  sugar,  Ch  Hh  Oh,  requires  the  Addition 
of  1  eq.  of  water  to  yield  S  cq.  alcohol,  and  4  eq,  carbonic  acid, 
=  i(Ct  Ha  Oi)4-  4C0i  ;  and  here  also  experiment  has  demon- 
strated thnt  100  parts  of  cane  sugar  yield  63-727  parts  of  alcohol 
and  fit -298  of  carbonic  acid,  together  105-025;  the  increase,  or 
6-025  parts  beine  due  to  the  1  eq.  of  water  taken  up  to  form  dry 
ffrape  sugar,  CnHiiOti,  into  which  cane  sugar  is  converted  before 
It  undergoes  fermentation.  These  facts  prove  that  the  ferment 
tftkes  no  direct  part  in  the  reaction,  but  only  acts  by  inducing  a 
state  of  change. 

A  considerable  nnmber  of  snhstances,  if  in  a  state  of  deoompo- 
aition,  act  as  ferments  on  a  solution  of  sugar  ;  among  these  are, 
beud«s  yeast,  vegetable  gluten,  albumen,  caseine  or  fibrine,  and 
the  corresponding  animal  substances  ;  also  animal  matter  generally, 
if  in  a  stat«  of  putrefaction. 

Tbe  only  cxplana^on  we  can  give  is  that  the  particles  of  these 
bodies,  being  in  a  state  of  decompoaitJon,  are  in  motion,  and  by 
communicating,  mechanically,  an  impulse  or  motion  to  the  particles 
of  the  sugar,  destroy  the  balance  of  affinities  to  which  the  exist- 
ence of  sugar  is  owing ;  and  thus  give  rise  to  a  new  balance  or 
equilibrium,  more  stable  under  the  given  circumstances.  The 
elementary  particles  of  the  sugar  being  disturbed  in  their  previous 
arrangement,  group  themselves  according  to  their  individual  affini- 
ties ;  and  while  the  carbon  forms,  on  one  side,  a  compound  contain- 
ing all  the  hydrogen  (alcohol),  it  yields  on  thu  other,  a  compound 
containing  the  greater  part  of  the  oxygen  (carbonic  acid). 

When  a  natural  juice,  as  that  of  the  grape,  ferments,  some  of 
the  variouB  substances  it  contains  undergo  a  decomposition,  proba- 
bly of  an  analogous  kind,  giring  rise  to  other  new  prodncts,  which 
are  important  in  regard  to  the  flavor  of  the  liquid  (wine,  beer,  or 
spirits),  produced  m  the  fermentation.  Thus  all  wine  contains 
(Snantnic  ether  ;  potato  spirit  contains  the  oil  of  potato  spirit  (li\i»a- 
loei,  German) ;  grain  spirit  contains  a  similar  oil.  It  is  not 
improbable,  that  besides  the  vinous  fermentation  which  takes  place 
in  the  greater  part  of  the  sugar,  a  peculiar  reaction  occurs,  between 
a  portion  of  the  sugar  and  tSe  ferment  (or  some  other  nittogenized 
compound  present),  the  result  of  which  is  the  production  of  these 
peculiar  oily  liquids.  The  bouquet,  or  so  much  priied  flavor  of  the 
liner  wines,  is  doubtless  owing  to  bchus  ethereal  compound  p^ro- 
duced  in  a  similar  way,  but  the  origin,  pn^rties,  and  oompositioa 
of  which  are  as  yet  aJtc^ther  milnown.  It  may  be  mentiotied 
here,  however,  Uiat  oenanthic  ether,  which  ia  the  caioM  of  that 
peculiar  smell  which  belong*  to  all  wtue,  and  is  k  marked  that  w« 
040  at  once  tell,  after  many  week*  or  monthe,  that  an  emp^  botua 
haa  formerly  ^otttvned  wine,  it  a  eompoond  of  oiide  of  etl^ 
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willi  K  fittty  acid ;  and  the  oil  of  potato  spirit  is  a  compound  an 
gona  to  alcohol,  the  hjdrated  oxide  of  a  radical  aoiyle,  Cm  Hn. 


When  a  sululion  of  sugar  ie  placed  in  cootacl  with  pressed  curd, 
or  unsalted  Bkimmed-milk  cheese,  nhich  has  preTiously  be«n 
exposed  to  the  atmosphere  for  some  time,  and  the  mixture  is  kept 
at  a  temperature  from  about  75°  to  90°,  a  peculiar  change  takes 
place,  which  has  been  called  a  fermentation,  out  which  differs  Irom 
the  vinous  fermentntion  in  tliis,  that  the  escape  of  gas  does  not 
appear  to  be  essential  to  it.  The  liquid  soon  becomes  acid,  from 
the  conversion  of  sugar  into  Inctic  acid  ;  but  when  the  amount  of 
free  acid  reaches  a  certain  point,  the  fermentation  is  thereby 
checked.  If  now  the  free  acid  be  ncutrsiizcd  by  the  addition  of 
carbonate  of  soda,  or  carbonate  of  lime  (chalk),  lactate  of  soda  or 
of  lime  is  formed,  carbonic  acid  is  disengaged,  and  the  fermenta- 
tion recommences.  By  repeatinfr  the  addition  of  soda  or  chalk  as 
often  as  free  acid  appears,  the  whole  of  the  sugar  may  be  at  last 
converted  into  lactic  acid,  and  obtained  in  the  form  of  lactate  of 
soda  or  of  time. 

The  best  method  is  to  dissolve  I  part  of  cane  sugar  or  sugar  of 
milk  in  about  5  of  water,  to  add  at  the  commencement  ^  part  of 
prepared  chalk,  and  a  proper  quantity  of  curd  or  cheese,  and  to 
place  the  whole  in  a  temperature  of  77°  to  90°.  Effervescence . 
occurs,  owing  to  the  decomposition  of  the  chalk,  and  in  process  of 
time  the  lactate  of  lime  is  deposited  in  small  round  masses  of  mi- 
nute crystals,  in  such  quantity  as  to  solidi^  the  whole  mixture. 
This  result  sometimes  takes  place  iu  ten  days  ;  at  other  times, 
according  to  the  precise  temperature  or  the  state  of  the  card,  not 
till  after  several  we«ks  or  even  months.  But  when  it  is  complete. 
which  is  known  by  the  cessation  of  the  disengagement  of  gas  and 
the  solidification  of  the  mass,  the  sugar  appears  to  be  entirety 
converted  into  tactic  acid,  without  the  formadon  of  any  other 
product.  This  is  the  true  lactic  fermentation ;  but,  as  we  sfaalt 
see,  it  is  apt  to  be  mixed  and  complicated  with  other  forms  of 
decomposiuon. 

The  conversion  of  sugar,  CuMii  On,  or  of  lactine,  CsHnOti, 
into  tactic  acid,  C>  H>  Hi  H  0,  or,  Cu  Hid  0,i  2  H  O,  is  very  sim- 
ple ;  for  lactine  already  contains  the  elements  in  the  necessary 
proportion,  and  cane  sugar  requires  only  the  addition  of  1  eq,  of 
water.  It  is  therefore  probable,  d  priori,  that  no  other  product 
shottld  be  formed  along  with  the  lactic  acid  ;  and  in  several  of  my 
own  experiments,  I  have  obtained  so  large  a  quantity  of  lactate  of 
lime  ns  to  lead  to  that  conclusion,  while  I  could  detect  no  other  pro- 
duct, except  some  coloring  mailer  and  a  little  undecomposed  sugar. 

U  is  this  fermentation  which  occurs  in  milk  when  exposed  to 
the  air.     The  caieine  enters  into  the  state  in  which  itlwcomes 


*jf  ^SMJiUH^  cfav  Iftttie  tiuuKiBtaoon  in  tb^  bbbbt  of  nift 
*  jcuiR^  >  Joc  e  sooB  i»  tiw  liquid  b«e«Hiies  ▼vrr  ami,  the  ier* 
-rt'r.u.w:oR  *  :ht-.'St-i.  'imesa  in  uciiii  be  ridded  Hence  soar  milk 
.i.a:;»ns  xaii  uciic  icid  ind  indeoumpo!?ed  lacune  :  but  bj  the 
jcdfrAiiiaiL  .ttiuitnm  -Jt  m*aii  ±e  wboie  iacdne  nuiT  be  cooTerted 
imu  ^m:«ic  iKzit.  or  rather.  lacQue  of  :Mjda. 

▼TSOOCS    ySRMEfTATIOIf. 

W'lea  certain  iuccbarine  juict^:^.  sui:h  as  cbo^e  of  beet-rooC  car- 
:tiC5.  joiuns^  ^ict.^,  ire  exposed  :o  i  tsumperamre  of  firom.  86^  to 
IU4~\  .i  pvjmiar  :iermeau&dua  lakes  plact;.  Tbe  sugar  disappears, 
but  instead  of  ucouoi  and  oarbonit:  acid,  there  are  obtained  man- 
aite.  'ocdc  jcid.  ;ind  i  mneihu^nous  substance,  baring  the  com* 
Dosiuun  of  x^un  :  Uiis  latter  renders  the  liquid  ropj  and  riscid : 
jeooe  'Jae  aaime  j^ven  U)  die  process 

The  compuaktxua  ot  mannite  is C«  Ht  0« 

That  Ji'  lactic  acid  is C«  Hs  Os 

Together      CnHuOn 

It  is  evidenL  dierefere,  that  1  eq.  of  drj  grape  sugar,  Cu  H12 
0 .:«  losing  I  eq.  oxyj^en,  might  give  rise  to  mannite  and  lacde 
acid.  The  ^um  has  me  same  composition  .^s  sugar,  so  that  we 
are  led  to  beliere  that  the  nitrogenLzed  eonsQtuents  of  the  juice 
are  ikcied  on  bj  the  sugar,  from  which  they  obtain  oxygen  ;  and 
that  these  compounds  are  themselres  decomposed  by  the  oxjgen, 
mannite,  and  lacdc  add,  which  are  yerj  permanent,  being  pro- 
duced from  the  sugar. 

There  is  eyery  reason  to  belieye  that  the  yiscous  fermentadon 
is  a  mixed  process,  consbting  of  the  lacdc  fermentadon  and  of 
another,  the  true  yiscous  fermentadon,  the  prodncts  of  which  are 
gum  and  mannite.  In  the  preparation  of  lacdc  acid  from  sncrar, 
with  the  aid  of  curd  as  aboye  des<;ribed,  Ihaye  sometimes  obtamed 
a  little  mannite,  but  always  in  so  small  a  propordon  as  to  indicate 
that  its  producdon  was  not  essentially  connected  with  that  of  the 
lactic  acid,  while  in  other  experiments  no  mannite  appeared. 
Where  mannite  did  occur,  I  am  inclined  to  suppose  that  tne  lactie 
fermentation  was  more  or  less  complicated  with  the  yiscous. 

BCTTRIO   FSRHKKTATION. 

After  the  sugar,  in  the  lactic  fermentadon,  has  been  converted 
as  aboye  described,  into  lactate  of  lime,  if  the  mixture,  still  oon- 
taining  the  caseine  or  curd,  be  kept  for  some  time  in  a  tempera- 
ture of  from  90^  to  105^,  the  nearly  solid  mass  of  lactate  dissoly^ 
by  degrees,  while  a  mixture  of  hydrogen  and  carbonic  acid  gases 
is  given  off,  and  at  last  the  whole  mass,  except  the  cheese  and 
any  excess  of  chalk,  becomes  liquid.  When  the  disengagement 
of  gas  has  ceased,  the  liquid  is  found  to  contain  no  lactate, 
but  only  butyrate  of  lime  ;  and  this  salt  may  be  thus  easily 
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obtaiiHid  in  any  onantitjr.    The  ctnivenion  of  kotic  into  bntyiic 
acid  ia  euUy  explained  ;  for  2  C*  Hi  0<  =  0>  H«  Ot  +  H<  + 


4  C  0>  ;  and  it  is  probable  that  no  otber  produot  is  formed ;  f(» 
in  some  experiments  I  have  seen  the  Inclate  converted  entirely 
into  pure  butyrale  of  lime,  which  cr3'stal)ized  to  the  last  drop. 

It  ia  evident  that  nnder  certain  circumstancea  the  three  liinds 
of  fermentation  Just  described  may  occur  simultaneously,  so  thai 
the  liquid  may  contain  lactic  acid,  butyric  acid,  mannite,  gum,  and 
unchanged  sugar. 

Maumte,  C*  Ri  Oi,  occurs  as  the  chief  ingredient  of  manna. 
It  is  also  found  in  certun  juices,  in  mushrooms,  in  roots,  such  aa 
that  of  celery,  and  is  formed  artifically  as  above  described.  It  ii 
easily  purified  by  solution  in  ntcohol  and  crystallisation.  It  forma, 
when  crystallized  in  water,  large  prisms,  of  a  weak  sweet  taate. 
It  is  not  susceptible  of  the  vinous  fermentation.  Nitric  acid  and 
permanganate  of  potash  act  on  it  as  on  sugar.  Concenb'ated 
arsenic  acid  gives  it  a  brick -red  color. 

Lactic  acid,  Ci  Ha  Oi  4~  H  0,  so  called  because  it  occurs  in 
sour  milk,  is  also  formed  abundantly,  as  above  desaribed,  in  a 
peculiar  fermentaUon  of  certain  saccharine  juices. at  a  high  tem« 
perature.  In  milk  it  is  derived  from  the  sugar  of  nu& ;  and 
Dy  neutralizing  sour  milk  with  carbonate  of  soda,  adding  sugar  of 
milk,  ollowiup  it  again  to  become  acid,  again  neutralizing,  and  ao 
on  in  succession,  as  long  as  the  caseine  causes  the  peculiar  change 
to  take  place,  it  may  be  obtained  in  large  quautity.  A  still  esmer 
process  is  to  dissolve  14  parts  of  cane  sugar  in  GO  of  water,  and  to 
odd  4  of  mcHst  cheese  ana  7  of  prepared  cnalk.  The  mixture  being 
kept  some  time  at  from  77°  to  B6°  F.,  will  at  last  become  quiw 
thick  with  crystals  of  lactate  of  lime.  If  the  action  of  llie  easeoni 
ferment  be  pushed  farther,  and  at  a  higher  temperature,  the 
lactate  of  lime  is  not  obtained,  but  in  its  place,  butyrate  of  lime  in 
large  quantity.  (See  Butyric  Fermentation.^  The  above  quanti- 
ties will  yield  about  13  parts  of  lactate  after  it  has  been  pur itied  by 
eryslalUzation  ;  besides  from  l^to2partaof  mannite.  The  acid  of 
sour  crout  is  lactic  acid,  and  by  hoilmgthe  juice  of  sour  crout  witb 
chalk  or  carbonate  of  zinc,  lactate  of  zinc  or  of  lime  may  be  obtained. 

Liebig  has  lately  shown  that  lactic  acid  exists  abundantly  in  the 
juice  of  flesh  ;  and,  as  abundantly  in  the  flesh  of  carnivorous  as 
in  that  of  berbiTorons  animals.  This  is  remarkable,  as  the  food 
of  camivorons  animals  contains  no  saccharine  or  amylaceous  mat- 
ter, BO  that  the  lactic  acid  must  be  formed  from  albuminous  com- 
pounds. The  same  remark  applies  to  the  occurrence  of  lactine 
m  the  milk  of  the  camivora. 

It  has  been  stated  by  Cap  and  Henry,  that  lactic  acid  exists  in 
nonnal  urine,  as  lactate  of  urea  ;  but  I  have  never  been  able,  by 
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their  process  to  obtain  from  nrine  a  trace  of  loctio  Bcid,  nor  any- 
thing but  pure  urea.  Felouze  and  othera  vere  eqnalty  nnrao- 
cessful ;  and  Liebig  haa  proved  by  experiments  on  a  very  large 
scale,  that  urine  contains  no  lactic  acid  in  the  normal  state  ;  and 
farther,  that  lactic  acid,  taken  internally,  cannot  be  reeognized  in 
the  urine. 

From  the  lactate  of  lime,  lactic  acid  may  be  obtained  by  the 
action  of  oxalic  acid,  which  removea  the  lime  as  oxalate.  The 
filtered  solution  is  lactic  acid,  which  is  concentrated  by  evapora- 
tioD,  and  purified  by  solution  in  ether.  From  the  lactate  of  soda, 
lactate  of  zinc  may  be  obtained,  by  adding  chloride  of  zinc  to  the 
bot  saturated  solution  ;  on  cooling,  lactate  of  line,  being  sparingly 
soluble  in  cold  water,  crystallizes.  This  salt,  acted  on  by  barytic 
water,  yields  lactate  of  baryta,  from  which  sulphuric  acid  re- 
moves the  baryta,  and  the  filtered  liquid  is  pure  diluted  lactic 

In  its  most  concentrated  form,  hydrated  lactic  acid  is  a  syrupy 
liquid,  of  a  very  strong  but  pleasant  acid  taste.  Its  Sp.  G.  is 
1  215.  Its  formula,  C>H.  Oi  +HO  =  C.  H.O.;  bnt  accord- 
ing to  Engelhardt  and  Maddrett.  it  is  bibasic,  G,>  Hio  On,  S  H  0 


with  gum  ;  both  of  which  nre  Cw  Hn  On.  At  482°  the  EydrBto 
is  decomposed,  and  yields  a  solid  crystalline  sublimate,  Ca  H«  0 1 , 
which  has  been  called  anhydrous  lactic  acid,  or  sublimed  lactic 
acid.  This  compound  dissolves  readily  in  hot  water,  and  the  solu- 
tion if  evaporated  yields  the  original  hydrate,  Ca  Hi  Oa  =  Ca  H* 
O4  -j~  2  HO.  But  when  the  acid  is  neutralized  by  bases,  only 
one  of  the  2  eq.  water  taken  up  by  tbe  sublimed  acid  is  replaced 
by  a  base  ;  ana  consequently  we  cannot  look  on  the  snblimed  acid 
as  the  true  anhydrous  acid.  The  anhydrous,  acid  as  it  exists  in 
the  lactates,  is  Ca  H>  Ot ;  and  the  sublimed  acid  is  not  lactic  acid, 
but  is  converted  into  lactic  acid  when  boiled  with  water.* 

The  general  formula  for  the  lactates  is  Ca  Hi  Oi ,  M  0  ;  or  Cii 
HhOii),  2 ho.  The  lactates  of  the  alcalies  are  very  soluble  and 
deliquescent :  that  of  lime  is  less  soluble  in  cold  water,  and  crys- 
tallizes readily.  The  lactate  of  zinc  is  sparingly  soluble  in  cold 
water,  and  is  hence  well  adapted  for  tbe  extraction  and  purification 
of  the  acid. 

XrX.  Metktlx.    CiHi=Mt. 

This  is  the  hypothetical  radical  of  a  numerous  aeries  of  com- 
pounds, entirely  analogous  to  those  of  etbyle.  There  is  the  oiide 
of  mcthyle,  Mt  0,  analogous  to  the  oxide  of  ethyle  ;  and  the  hydrat- 
ed oxide  of  methyle.  Ml  0,  H  O,  analogous  to  alcohol.     This  last 


*  By  diatilling  laclic  acid  with  ssa-nlt,  psroxlde  «f  n     _ 
phnric  Mid,  M.  St&dlar  hsi  produced  aldohyda  and  chloral.    If  the  qnantlty 
<a  ohloriM  Is  smsll,  the  sldehipd*  Is  prodncod  In  graMist  quantity.  " 
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is  tbe  compound  from  vhich  all  the  others  are  obtained.  The 
extraordioarr  analogy  between  ethjle  and  methyls  will  enable  ni 
to  describe  the  pompounds  of  the  latter  very  briefly. 

I.  Htkkated  Oxide  of  Hethti.e.     HtO, HO. 

8rN.  PyToxilic  Spirit.  —  This  compound  is  one  of  the  chief  pro- 
ducts of  the  destructive  dislilltitiaD  of  wood,  and  is  found  in  the 
watery  portion  along  with  acetic  acid,  acetone,  acetate  of  oxide  of 
melhyle,  and  severBl  other  ethereal  liquids,  besides  portions  of  the 
oily  matter  of  the  tar  dissolved  in  them. 

By  rectification  with  chloride  of  calcium,  the  pyroxiKc  spirit, 
which  combines  with  that  salt,  is  separated  from  several  other 
liquids  which  distil  over  in  the  heat  of  the  vapor  bath.  The 
residue,  if  mixed  with  its  own  bulk  of  water,  and  again  heated 
in  the  vapor  bath,  now  gives  off  the  pyroxilic  spint,  which  is 
sUll  mixed  with  water.  It  is  purified  by  rectification  with  quick- 
lime, which  also  destroys  any  acetate  of  methyle  which  may  be 
present. 

Pure  hydrated  oxide  of  methyle  is  a  liquid  very  similar  (o 
idcoho],  having  the  aame  density  and  the  same  degree  of  inflam- 
mability. Its  odor  is  peculiar  and  ethereal.  It  ooila  at  about 
I40"  or  160°. 

When  heated  with  peroxide  of  manganese,  water  and  sniphnrio 
acid,  it  yields  various  products,  among  which,  the  chief  are,  for- 
mic acid,  and  form ome thy lal.  It  is  decomposed  by  nitric  acid, 
yielding  oxalic  acid,  and  by  chlorine,  yielding  new  products.  It 
dissolves  resins,  and  is  used  in  making  varnishes.  It  forms  with 
baryta  a  crystalline  compound,  Ba  O-f-Mt  0,  HO  ;  and  with  chlor- 
ine of  calcium,  another  crystalline  body,  in  large  hexagonal  tables, 
CaCI  +  8(MtO,HO). 

By  the  action  of  platinum  powder,  pyroxilic  spirit  is  oxidised 
into  formic  acid,  which  bears  the  same  relation  to  it  that  acetic  acid 
does  to  alcohol. 

3.  Oxide  op  MEittTLB.    MtO=(C.  HjI  0. 

Thb  compound  is  obtuned,  like  ether,  foxide  of  etbyle),  when 
the  preceding  compound  is  distilled  with  its  ovra  volume  of  oil  of 
vitnol ;  it  escapes  as  an  inflammable  gas.  Like  oxide  of  ethyle, 
it  is  a  base,  and  neutraliies  acids.  It  even  forms  a  neutral  sul- 
phate, which  oxide  of  etbyle  cannot  do.  It  is  worthy  of  notice, 
that  oxide  of  methyte  is  polymeric  with  alcohol ;  for  0*  Ha  Oi  = 
2  (C>  Hi  0}  :  BO  that  these  two  bodies  have  the  same  composition, 
in  100  parts ;  that  is,  the  same  relative  proportions  of  the  same 
elements,  but  a  very  different  absolute  amount ;  the  equivalent  of 
alcohol  being  twice  as  heavy  as  that  of  oxide  of  methyle.  The 
constitution  of  these  compounds,  moreover,  is  different,  for  one  ia 
a  hydrate,  Ci  U*  0-1-HO;  while  the  ether  is  an  anhydrous 
oxule,  Ci  Hi  O. 
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3.  Cfdoride  of  Meihyie,  Ca  Ha,  CI  =  Mt  d  — Is  a  gas,  of  an 
ethereal  smell,  ioflammable,  of  Sp.  G.  1*1737.  It  is  formed  by 
the  action  of  sulphuric  acid  and  chloride  of  sodium  on  pynjxilic 
spirit.  By  the  action  of  chlorine,  aided  by  the  sun's  rays,  it  yields 
several  new  compounds  containing  chlorine. 

4.  Iodide  of  Methyle,  Cj  Ha,  I  =  Mt  I,  —  Is  obtained  by  distill- 
ing 12  parts  of  pyroxilic  spirit,  8  of  iodine,  and  1  of  phosphorus. 
It  is  a  liquid,  boiling  between  102°  and  122°.  The  fluoride  and 
cyanide  of  methyle  are  analogous  liquids. 

5.  Sulphide  of  Methyle,  Ca  H3,  S  =  Mt  S,  —  Is  best  formed  by 
the  action  of  a  current  of  chloride  of  methyle  on  sulphide  of  potas- 
sium dissolved  in  alcohol :  Mt  CI  +  K  S  =3  Mt  S  4-  K  01.  It  is  a 
mobile  liquid,  of  a  very  offensive  alliaceous  odor,  boiling  at  104°. 
Its  ^.  G.  in  the  liquid  form  is  0*845  ;  in  the  form  of  vapor,  it  is 
2*115.  With  chlorine,  it  gives  rise  to  several  new  compounds. 
The  hydrosulphide  of  sulphide  of  methyle  (corresponding  to  mer- 
captan)  I  obtained  by  distilling  the  double  sulphate  of  methyle  and 
potash  with  the  hydrosulphide  of  sulphide  of  potassium:  (KO, 
MtO,2S03)+HS,K8  =  2(KO,SOs)  +  HS,MtS.  Its  for- 
mula is  H  S,  Mt  S  s  Ca  Hs ,  S  4-  H  S.  It  is  a  colorless  liquid, 
lighter  than  water,  which  boils  at  70°,  and  acts  on  the  oxides  of 
mercury  and  lead  exactly  as  mercaptan  does.  Its  odor  is  most 
offensive,  resembling  that  of  leeks  highly  concentrated. 

SALTS   OF   OXIDB  OF  MBTHTLB. 

1.  Neutral  Sulphate^  MtO,  SOa,  —  Is  obtained  when  pyroxilic 
spirit  is  distilled  with  a  large  excess  of  sulphuric  acid.  It  forms  an 
oily  liquid,  of  a  slightly  alliaceous  smell.  It  boils  at  370°. 
Boiling  water  decomposes  it  into  acid  sulphate  and  hydrate  of 
oxide  of  methyle.  When  heated  with  chlorides,  cyanides,  &c., 
it  yields  the  compound  of  methyle,  with  chlorine,  cyanogen,  <&c. ; 
with  a  salt  of  benzoic,  succinic,  or  other  organic  acid,  it  yields 
benzoate,  <fec.  of  oxide  of  methyle.  Ammonia  converts  it  into 
sulphamethylane. 

2.  Bietdphate  of  Oxide  of  Methyle,  Stn.  Stdphomethylic  Acid, 
HO,  Mt 0,2  803,  —  Is  perfectly  analogous  to  sulphovinic  acid, 
and  forms  double  salts,  such  as  that  of  potash,  K  O,  Mt  0, 2  S  O3, 
which  are  often  called  sulphomethylates,  and  correspond  exactly 
to  the  sulphovinates.  The  acid  sulphate  itself  may  be  obtained  in 
crystals,  which  are  very  soluble  and  very  acid.  It  is  best  obtained 
by  the  action  of  hot  water  on  the  neutral  sulphates.  The  double 
salts,  or  sulphomethylates,  are  of  no  particular  importance.  They 
crystallize  readily. 

3.  Nitrate  of  Oxide  of  Methyle,  MtO,  NOs,  —  Is  obtained  when 
pyroxilic  spirit  is  distilled  with  nitrate  of  potash  and  sulphuric  acid. 
It  is  an  oily  liquid,  the  rapor  of  which  if  heated  beyond  248* 
explodes  violently. 
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The  n«ntnl  eBrbonate  of  methyle  is  not  known ;  but  douMe 
Mrbonatea,  analogoiu  to  thoM  of  ethyle  with  nlotlies,  may  be 
prepared  in  the  sune  way  na  those  compounds. 

4.  OzalaUof  Oxidt  of  IftlhyU,  Ut  O,  C,  Oi  =  C.  Hi04,~Is 
obbuned  in  a  manner  Bnftlogous  to  that  in  which  ozalio  eUier  is 
prepared.  It  forms  a  crystalline  solid,  soluble  in  alcohol  and 
pyroxilie  spirit,  which  depoeits  it  in  Urge  orystals.  By  the  action 
of  dry  ammonia,  it  is  converted  into  oiamelhylane  (analogous  to 
oxamethsne),  which  is  the  oxamate  of  oxide  of  meUtTle,  C>  H* 
NO*  _  C>Hi,04-C4Ht  N0>.  Liquid  ammocia  converU  it 
ioto  oxamide,  as  is  the  case  with  oxalic  ether,  only  here  pyroxilic 
spirit  and  not  alcohol  is  formed  at  the  same  time  :  Ci  Hi,  O,  0* 
Oj  +  N  H,  =  C.  H,  0,  H  0  +  C.  Oj  N  H..  This  is  perhaps 
the  easiest  way  of  obtatainff  oxamide  In  large  quantity. 

Bisulphide  of  carbon  and  hydrated  cyanic  acid  act  on  pyroxilic 
spirit  exactly  ss  on  alcohol,  producing  analogous  compounds. 

fi.  Bttuaait  of  Oxide  (f  MtlkyU.  Mi  O,  Bs  0,  —  la  best  obtained 
by  diKUIling  dry  benzoate  of  lime  or  soda  with  neutral  sulphate  of 
methule.  It  is  an  oily  liquid  of  a  balsamic  odor,  analogous  in 
other  respects  to  benzoic  etJicr. 

6.  AcitaUof  Oxide  of  MMyU.  MtO,  AcOs,  — la  obtained  in 
the  same  way  as  acetic  ether,  which  it  resembles.  It  ocenra  in 
considerable  quantity  in  raw  pyroxilic  spirit,  and  even  in  that 
which  has  only  been  purified  by  rectification.  When  quick-lime  is 
used  in  the  rectification,  it  Is  destroyed,  yielding  an  additional 
quantity  of  the  pure  hydrate  of  oxide  of  methyle.  It  is  very  vola- 
tile and  inRammable,  and  for  moat  purposes  its  presence  in  the 
wood  spirit  is  not  at  all  injurious.  It  is  isomeric  with  formiate 
of  oxide  of  elhyle  ^  for  C.  Hs  O  +  C<  Ha  0>  =  C4  U*  0  4-  Oi 
HO,. 

7.  Salicyliat  tf  Oxidt  tf  MUhi^,  —  Exists  ready  fwmed,  m  the 
volatile  oil  of  gaidlheria  procttmbtnt,  or  wintergreen.  It  is  very 
fragrant,  and  plays  the  part  of  an  acid,  combining  with  alcalles. 
Whfn  heated  with  them,  however,  salicylates  are  formed,  and 
pyroxilic  spirit  set  free.  It  is  a  very  Interesting  compound,  as  it 
contfilns  two  substances,  previously  only  known  as  artificial  pro- 
ducts ;  namely,  salicylic  acid  and  oxide  of  methyle.  It  is  act«d 
on  by  nitric  acid  aoa  other  re-agents  exactly  in  Uie  same  way  as 
the  salicylate  of  oxide  of  ethyle,  (which  see.) 

The  mucate  of  oxide  of  raethyle  is  a  crystalline  solid,  analogous 
in  its  preparation  and  properties  to  the  corresponding  salt  of 
ethyle. 

The  action  of  chlorocarbonlc  acid  on  pyroxilic  spirit  is  exactly 
analogous  to  its  action  on  .alcohol,  producing  an  oily  liquid,  Ci  Hi 

CI  Ot  =  Cj  j  pf -t-  Ci  Hi  O.     By  the  action  of  ammonia,  this 

liquid  praduces  a  oomponnd,  uretbylane.  (eonresponding  to  ure- 
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thane)  C4  Us  N  O4  or  Cs  HioNs  Ot  =»  Ca  H4  Ns  O2  +  2  (C2  Hs 
0,  C  Oa  )  ;  that  is,  a  compound,  possibly,  of  1  eq.  urea,  with  2 
eq.  neutral  carbonate  of  methyle,  but  more  probably  of  carbamic 
acid,  C  Oa ,  C  0  N  Ha,  and  oxide  of  methyle,  Ca  Ha  O. 

When  a  current  of  ammonia  is  made  to  act  on  the  neutral  sul- 
phate of  methyle,  there  is  produced  a  crystalline  compound,  Ca 
Hf  N  Sa  Oe,  which  has  been  called  sulphamethylane,  and  may 
be  viewed  as  oxamethylane,  in  which  sulphamide,  S Oa  N  Ha,  has 
been  substituted  for  oxamide,  Ca  Oa  NHa  ;  or  SOa  for  Ca  Oa. 
It  may  also  be  considered,  if  oxamethylane  be  the  oxamate  of 
oxide  of  methyle,  Ca  Ha  O  -{-  C4  Ha  N  O5,  as  composed  of  oxide 
of  methyle  and  a  peculiar  acid,  formed  of  hjrposulphuric  acid  and 
amide,  or  rather  of  sulphuric  acid  and  sulphamide,  and  which  may 
be  called  sulphamic  acid ;  and  its  formula  will  be  Ca  Ha  O  +  (Sa 
05.NHa),orCaHaO  +  (S03+NHa,SOa).  On  this  view, 
sulphamethylane  is  the  sulpnamate  of  oxide  of  methyle. 

When  hydrated  oxide  of  methyle  is  oxidized  by  means  of  plati- 
num powder,  it  is  finally  converted  into  pure  formic  acid.  There  is 
evidently,  therefore,  the  same  relation  between  methyle  and  formic 
acid,  as  between  etbyle  and  acetic  acid ;  and  on  comparing  tlie  for- 
mulfiB  of  pyroxilic  spirit  and  of  formic  acid,  Ca  Ha  O,  H  0,  and  Ca 
H  Oa,  HO,  we  perceive  that  the  former,  to  be  converted  inlo  the 
latter,  must  have  lost  2  eq.  hydrogen,  and  taken  up  2  eq.  oxygen. 
This  is  exactly  what  takes  place  with  alcohol,  and  there  can  be  no 
doubt,  that  the  pyroxilic  spirit  yields  an  intermediate  compound, 
exactly  analogous  to  aldehyde,  although  this  has  not  yet  been  iso- 
lated. Such  a  compound  would  be  the  hydrated  protoxide  of  a  de- 
rived radical,  formyle,  analogous  to  acetyle,  of  which  formic  acid  is 
the  hydrated  peroxide ;  and  its  formula  would  be(CaH)0+HO. 
We  shall  therefore,  assume  the  existence  of  this  radical,  and  proceed 
to  describe  its  compounds,  which  are  analogous  to  those  of  acetyle. 

XX.  POBMTLE.     CaH  =  Po. 

This  radical  is  unknown  in  a  separate  form,  as  are  its  protoxide 
and  deutoxide,  corresponding  to  aldehyde  and  aldehydic  acid. 
But  when  hydrated  oxide  of  methyle  is  distilled  with  sulphuric 
acid,  water,  and  peroxide  of  manganese,  a  volatile  liquid  is 
obtained,  which  is  a  mixture  of  formiate  of  oxide  of  methyle,  and 
another  liquid  called  methylal.  When  purified,  this  latter  has 
the  formula  Cs  Hs  O4,  which  indicates,  that  it  is  composed  of  Ca 
H  O,  H  O,  or  hydrated  oxide  of  formyle,  and  2  eq.  of  oxide  of 
methyle,  2  (CaHa  O).  This  compound,  briefly,  FoO,HO-t-2 
Mt  0,  corresponds  to  acetal  in  the  series  of  ethyle  ;  acetal  being 
AcO,  HO  +  AeO. 

Formic  Acid.    Ct  H  Oa,H  O  =  Po  Oa  H  O. 

This  remarkable  acid  occurs  in  the  red  Bxii,famUea  rufa,  and 
may  be  obtained,  fai  a  dflntod  and  impfora  ttate»  byinfonng  thoie 
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biMots  in  water.  Its  production  from  pyroxilio  •pirit  has  been 
described  abore.  It  may  ako  be  prepared  by  distillbg  a  mixtor* 
of  starch  or  sugar  with  peroxide  of  manganese,  water,  and  sulphtuie 
acid  :  and  it  la  formed  under  a  great  variety  of  circumstanoea 
from  many  organic  compounds. 

To  prepare  the  hydrated  add  pure  and  concentrated,  the  dry 
fonniate  of  lead,  PbO,  FoOs,  is  decomposed  by  sulphuretted 
hydr<^n  gas,  and  the  vapor  of  the  formic  acid,  condensed  in  a 
well-oooled  receiver.  It  b  boiled  for  a  few  momenta  to  expel  any 
sulphuretted  hydrogen.  It  is  a  clear  liquid,  of  Sp.  G.  ]'236, 
fuming  slightly,  and  has  a  very  pungent  acid  smell.  Below  32°  it 
crystulises  in  brilliant  scales.  It  boils  at  SIS",  and  its  vapor  is 
inJIammable,  burDJng  with  a  blue  flame.  This  is  probably  owing 
to  the  formation  of  carbonic  oxide,  for  tbe  acid  Ci  H  Oi ,  H  0, 
contains  the  elements  of  2  eq.  carbonic  oxide,  Cs  0>,  and  t  eq. 
water.  H>  Oi. 

With  1  eq.  of  water,  it  forms  the  second  hydrate,  Fo  Oi  -)-  S 
H  O,  which  much  resembles  the  first  in  properties.  Its  btHliog 
point  is  231°,  and  its  Sp.  G.  is  t.llO. 

Both  these  hydrates  are  highly  corrosive ;  a  drop  of  either  on 
any  delicate  portion  of  the  skin  causes  a  severe  bom,  which  blisters, 
suppurates,  and  is  very  painful  and  di£Bcult  to  heal.  In  tbia 
respect  the  formic  acid  can  only  be  compared  to  hydrofluoric  and 
hydrated  cyanic  acids. 

A  weaker  acid  is  obtained  by  distilling  formiale  of  soda,  lime  or 
lead,  with  sulphuric  acid,  previously  dilated  with  half  its  wdght 
of  water.  Ten  parts  of  forminte  of  lime,  8  of  oil  of  vitriol,  and  4 
of  water,  yield  9  of  formic  acid,  of  Sp.  Q.  1076. 

The  salts  of  the  acid  are  best  prepared  from  tbe  weak  and 
impure  acid,  obtained  by  distilling  a  mixture  of  10  parts  of  starch, 
37  of  peroxide  of  manganesB,  30  of  oil  of  vitriol,  and  30  of  water. 
These  materials  yield  335  parts  of  formic  acid,  such  that  100 
parts  neutralise  1£  of  dry  carbonate  of  soda.  From  this  acid, 
the  formiate  of  lead  may  be  easily  prepared  and  purifled  ;  and 
from  it,  by  the  addition  of  carbonate  of  soda,  formiate  of  soda 
may  be  obtained. 

Formic  acid  Is  easily  recognised  by  the  action  of  sulphuric  acid, 
which  decomposes,  without  blackening,  both  it  and  its  salts,  caus- 
ing the  disengagement  of  pure  carbonic  oxide.  It  also  reduces  the 
oxides  of  all  the  noble  metals,  and  is  itself  oxidized  Into  carbonic 
acid.  Formic  acid  not  only  reduces  tbe  oxides,  but  also  in  most 
cases,  the  soluble  salts  of  Uie  noble  metals.  1  eq.  formic  acid  can 
reduce  2  eq.  of  a  protoxide,  such  as  that  of  silver,  2  Ag  0  +  C!i  H 
Oi  =  Ag,  +  H  6  4-  2  C  Oi ;  or  1  eq.  of  a  deutoiide,  such  as  that 
of  mercury:  Hg  0,  +  Ci  H  Oj  =Hg  +  H  0  +  2  C  Oi. 

Formic  acid  is  a  veiy  powerful  add,  and  forms  salts  with  bases, 
oU  of  which  ore  soluble.     They  are    generally  similar  to  tbe 
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■eetetet,  Imt  jet  qsite  dkdnet.  liaa^  netallio  foramiles  wbem 
IwBted  in  close  Tcsseb  give  off  emrbooic  acid  and  earlMMue  oxide, 
lemoft  the  metal  rcdoctfi  ;  othen  gire  off  carbonic  oxide,  tearing 
the  oxide. 

Formiate  of  ammonia,  N  H4  O,  Cs  H  Os,  contains  the  elements 
of  h  jdroc janie  acid  and  water,  Cs  N  H  +  4  H  O  ;  and  is  cooTerted 
into  these  compounds  when  its  v^xyr  is  passed  thnmgh  a  red-hoi 
tube.  Formiate  of  oxide  of  ethjle,  prepared  like  the  acetate,  is  a 
Tolatile  ethereal  liquid  with  a  peculiar  aromatic  smell.  The  corres- 
ponding salt  of  oxide  of  methyle  is  quite  analcmus.  Formiate  of 
potash  IS  Tery  deliquescent.  Formiate  of  soda  is  also  rery  solable, 
but  may  be  obtained  in  crystals.  It  is  a  very  powerful  reducing 
agent,  both  in  a  moist  and  dry  way.  In  the  former,  it  reduces  the 
noble  metals,  in  the  latter,  at  a  red-heat,  by  virtue  of  the  carbonic 
oxide  it  gives  off,  it  reduces  most  of  the  reducible  metals,  such  as 
lead,  copper,  antimony,  arsenic,  cobalt,  nickel,  6ic.  Formiate  of 
lead  is  sparingly  soluble  in  cold  water,  and  is,  therefore,  easily 
purified,  and  serves  to  prepare  formic  acid  and  formiate  of  soda. 
Formiate  of  deutoxide  of  mercury  and  formiate  of  protoxide  of 
mercury,  both  exist.  When  red  oxide  of  mercury  is  dissolved  in 
cold  formic  acid,  the  former  salt  is  produced  ;  but  the  slightest 
heat  causes  an  effervescence,  while  formiate  of  the  protoxide  is 
deposited  in  silvery  scales  like  the  acetate.  These  when  warmed 
are  decomposed  with  effervescence  and  deposition  of  metallic  mer- 
cury. Formiate  of  silver  resembles  the  acetate,  but  is  very  easily 
decomposed  by  heat,  the  metal  being  reduced. 

COMPOUNDS   OF   FORMriJE   WITH   OULOBINK,  ETC. 

When  chlorine  or  hypochlorites  act  on  oxide  of  methyle, 
hydrated  oxide  of  methyle,  and  chloride  of  methyle,  a  great 
variety  of  new  compounds  are  produced,  corresponding  in  most 
eases  to  the  compounds  obtained  by  the  action  of  chlorine,  dec, 
on  alcohol,  ether,  and  chloride  of  ethyle.  Our  space  forbids  us 
to  give  the  details  of  these  compositions ;  but  we  may  mention  that 
two  of  the  compounds  formed  by  the  action  of  chlorine  on  the 
compounds  of  ethyle  and  acetvle,  may  be  viewed  as  protochloride 
and  bichloride  of  fomy'le.  These  are  C*  Ha  Cla  =  2(Ca  H,  CI), 
and  C4  H3  CI4  =  2  (Of  H,  01s).  The  perchloride  of  formyle,  Fo 
Ola  ss  Os  H,  Ola,  is  also  produced  from  a  compound  of  the  ethyle 
series,  namely  from  chloral,  by  the  action  of  alcalies.  It  is  an 
oily  liquid  of  a  sweet  taste  and  etheretU  smell.  *     When  acted  on 

*  Thif  Babfltance  If  now  tormed  chlorofinrm,  and  if  Ufed  aa  an  ansfthetic 
agent.  SIncA  the  London  edition  of  thlf  work  went  to  press,  Prof.  Gregory, 
has  examined  chloroform  with  regard  to  its  purity.  Most  of  the  commercial 
artioie  if  import,  but  may  be  easily  purified,  aeconUng  to  Prof.  Gngoryi  by 
agitating  it  with  pure  siuphario  scid,  sad  aliowlittthe  Liquids  to  remain  In 
oontaot,  for  tome  tUne,  with  occasional  agitation,    naif  the  volame  of  aeld 
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by  alediei,  il  yields  chloridei  And  formiatea ;  thus  wiUi  potub, 
C,  HCl.  +  4KO=,3KCH-KO,  C.  HCr,. 

When  acted  on  by  chlorine,  perchloride  of  fonnyle  yields  per- 
chloride  of  carbou,  Ca  Ci»  =  Cj  Ci,  CU,  juat  as  perchloride  of 
acetyle,  C<  H3,  Cla,  yields  aesquichloride  of  carbon,  C<  CU  ^ 

Perbromide  of  fonnyle  is  obt^ned  from  bromal.  Periodide  of 
formyle,  obtained  by  ue  action  of  alcohol  on  iodine  and  potash,  is 
a  yellow  crystalline,  volatile  solid,  having  an  odor  analo^fDUS  to 
that  of  saffron. 

When  chlorine  acts  on  oxide  of  metbyle,  Ci  Ha  0,  it  produces, 
by  sabstituCioQ  of  chlorine  for  bydrc^n,  Ibe  compounds  (?■  -J  ni 
0  ;  Ci  I  Q,^  0  ;  and  finally,  d  GU,  0.  The  second  may  be 
considered  as  formic  acid,  Ci  H  Os,  in  which  two-thirds  of  tbe 
oxygen  are  replaced  by  chlorine,  C  H  -j  p.  It  will  then  be  an 
oxTcbtoride  of  fonnyle,  analogoas  to  oxychloride  of  acetyle. 

When  chlorine  acts  on  chloride  of  meihyle,  C»  Hi  CI,  three 
compounds  are  formed  by  snbstitntion.     These   are,  1st,  Ci  Hi 

CI.  =  C.  I  ^j*  CI ;    8d,    perchloride  of   fonnyle,    Cj  H  CU  s 
C»   <  f,.     Glj  and  3d,  as  before  explained,  perchloride  of  carbon, 
C.  CU  =:'C.  C1.,C!. 
The  action  of  chlorine  on  sulphide  of  methyle,  C>  H*,  8, 

appears  to  yield,  Ci  ]  ^i'  ^  =   ^'  J  CTi  ® '  ""^  ^*  ^'  ^■ 

The  action  of  chlorine  on  oxalate,  benioate,  and  acetate  of  oxida 
of  methyle  is  quite  analogous  to  ita  action  on  the  correspondiag 
compounds  of  etbyle,  producing  the  oxalate,  benzoate,  and  acetate 

of  oxychloride  of  fonnyle,  C>  Oi  +  C.  H  ]  ^j  .  Cu  H»  Oj ,  +  Ci 
H  I  %^.  and  C.  H,  O.  +  C.  H  \%^  ^he'se  curiou.  resulta. 
like  those  which  precede  them,  are  here  merely  indicated,  as  we 
bave  explained  the  principle  of  their  formation  under  the  beads  of 
ethyle  and  acetyle. 

In  some  specimens  of  raw  pyroiilic  spirit  there  occnrs  a  large 
proportion  of  a  pecntiar  volatile  liquid,  which  has  been  called  lig- 
none  or  xylite.     Aa  its  constitution  is  quite  uncertain,  ^though  it 

will  be  tufGclfliiL  If  the  scid  ahDald  be  consldenblj  colorad,  a  second  qoan- 
UtJ  •hould  be  OMd,  otherwisa  not.  The  puriScation  la  Iheu  finlahed  wlA 
petoilde  of  mBDgBnaae,  wllb  which  11  la  to  be  BgiUled  aud  left  la  contact  na- 
(II  (heodgcoraalpburoas  acid  la  remared.  Pure  cbloraCarm  ahould  hare  a  9p. 
G,  of  l-SOD,  DOT  ghould  an;  be  and  for  annatheUc  purpoites  anlaaa  perfectljr 
pun,  n  wrioui  aocldenti  an  liable  to  occur  fram  tha  uaa  of  tbe  comuiSTctal 
aMiBb.  &      ' 
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u  believed  to  contain  some  compound  of  oxide  of  methyle,  we 
shall  state  what  is  'known  of  it  when  treating  of  the  products  of 
Uie  dry  distillation  of  wood. 

XXI.  C  E  T  T  L  E.     C3i  Has  =  Ct. 

This  is  the  hypothetical  radical  of  a  series  of  compounds,  derived 
from  spermaceti.  The  principal  one  is  ethal,  the  hydrated  oxide 
of  cetyle,  analogous  to  alcohol. 

Hydrated  Oxide  of  Cetyle.     Ca  H»  O,  H  O  =  Ct  O,  H  O. 

Syn.  Ethal,  —  This  compound  exists  in  spermaceti,  in  combina- 
tion with  cetylic  or  ethalic  acid  Gn  Hsi  O3 .  When  spermaceti  is 
digested  with  strong  caustic  potash,  a  soap  is  produced  ;  and  this 
bemg  decomposed  by  sulphuric  acid,  yields  a  fatty  mixture  com- 
posed of  cetylic  acid  and  ethal.  The  whole  is  acted  on  by  baryta, 
with  which  the  acids  unite  ;  and  the  ethal  is  dissolved  from  the  mix- 
ture by  cold  alcohol.     It  is  afterwards  purified  by  means  of  ether. 

Ethal  forms  a  white  crystalline  solid,  like  wax,  fusible,  about 
118^,  volatile  at  a  higher  temperature,  soluble  in  alcohol.  As 
above  mentioned,  it  is  analogous  to  alcohol ;  and  although  the 
oxide  of  cetyle  has  not  yet  been  obtained  in  a  separate  form,  yet 
there  have  been  formed  the  chloride  of  cetyle,  and  the  double  sul- 
phate of  oxide  of  cetyle  and  potash,  analogous  to  the  corresponding 
compounds  of  ethyle. 

When  ethal  is  repeatedly  distilled  with  anhydrotls  phosphoric 
acid,  it  loses  the  elements  of  2  eq.  of  water,  yielding  a  new  com- 
pound, cetene  =  Cx  H»,  analogous  to  olefiant  gas  or  etherine.  It 
18  an  oily  inllammable  liquid.  Cetylic  or  ethalic  acid  will  be 
hereafter  described.  Its  formula  is  CasHsi,  O3,  H  O  =  Cas  Has 
O4  ;  it  belongs  to  the  series  (C  H)  n  +  O4. 

XXII.  Amtle.    CioHu  =  Ayl. 

This  is  the  hypothetical,  radical  of  a  series  of  compounds, 
derived  from  oil  of  potato  spirit,  which  is  itself,  when  pure,  the 
hydrated  oxide  of  amyle,  analogous  to  alcohol.  Both  the  radical 
and  its  anhydrous  oxide  are  unknown  in  the  separate  state ;  but 
a  sufficient  number  of  compounds  has  been  obtained  to  render  its 
existence  highly  probable. 

Hydrated  Oxide  of  Amyle.     Cio  Hn  O,  H  O  »  Ayl  O,  H  O. 

Stn.  Oil  of  Potato  Spirit;  in  German,  Fusdod.—VoM  com- 
pound distils  over  toward  the  end  of  the  first  distillation  of  spirits 
made  from  potatoes,  rendering  these  last  portions  of  the  spirit 
milky  and  very  oflTensive.  It  separates  on  standing  as  an  oily 
liquid,  which  is  washed  with  water  to  remove  alconol,  dried  by 
chloride  of  calcium,  and  rectified  till  its  boiling  point  becomes 
steady  at  269''  or  270'*.    It  is  then  pure. 

It  is  a  colorless  oily  liquid,  Tery  mobile,  of  a  strong  and  nause- 
ous odor,  which  produces  stupifying  eflfects.    Its  vapor,  wben 
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inhaled,  causes  cough  and  spasmodic  dyspncea,  reserobliug  asthma, 
often  followed  by  vomiting.  Its  tssle  is  very  acrid  and  nauseous. 
Its  Sp.  O.  U0-81S.  At  —  4°  it  crystallites  in  shining  scales. 
When  heated  with  dry  hydrate  of  potash  it  is  oxidized,  hydrogen 
being  given  off,  and  the  potash  is  found  combined  with  valerianic 
acid,  CioHg  O3.  When  distilled  with  anhydrous  phosphoric  acid, 
it  yields  a  new  carhohydrc^n,  amilene  =  CisHio. 

The  chloride  of  amyle  has  not  yet  been  obtained  ;  but  the 
bromide  and  iodide  are  formed  when  the  hydrated  oxide  is  distilled 
along  with  phosphoms  and  bromine  or  iodine.  They  are  both 
heavy  oity  liquids,  and  their  formulae  arc  Ayt  Br,  and  A7I  I. 

The  bisulphate  of  oxide  of  amyle  or  suiphamilic  acid,  Ayl  0, 
HO,  2SO3,  is  analogous  to  sulphoviuic  acid.  With  bases  it 
forms  double  salts,  the  formula  of  which  is  M  O,  Ayl  0,  2  S  0>, 
which  are  soluble  in  water  and  crystallizable.  The  solutions,  when 
boiled,  yield  hydrated  oxide  of  amyle,  free  sulphuric  acid,  and  a 
neutral  sulphate. 

The  acetate  of  oxide  of  amyle  is  an  ethereal  liquid,  analogous 
to  acetic  ether.  Its  formula  is  Ci.  Hn  0 «  =  Cio  Hn  0,  C.  Hj  Oi 
=  Ayl  0,  Ac  Oa . 

The  hydrosulphide  of  sulphide  of  amyle,  Ayl  S,  H  S,  is  pre- 

fared  in  the  same  way  as  mercaplnn,  to  which  it  is  quite  analogous. 
t  is  an  oily  liquid,  boiling  at  343°,  of  Sp.  0.  0-835.  It  has,  like 
the  corresponding  compounds  of  ethyle  and  methyle,  a  most  pene- 
trating odor  of  onions ;  and,  hke  them,  it  acts  on  red  oxide  of 
mercury,  forming  a  white  crystalline  compound,  Ayl  S,  Hg  8. 

The  sulphocarbonate  of  oxide  of  amyle,  very  analogous  to  the 
bisulphocarbonate  of  oiide  of  ethyle,  is  formed  when  bisulphide 
of  carbon  acts  on  a  soluUon  of  potash  in  oil  of  potato  spirit. 
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Valerianic  Acid.     CioHi  Oj.H  0  =  Ci<Hia04- 

It  has  already  been  mentioned,  that  when  oil  of  potato  spirit  is' 
heated  with  dry  hydrate  of  potash,  hydrogen  is  given  off,  and 
valerianate  of  potash  is  formed.  Here  the  oil,  CioHiiO,HO, 
loses  3  eq.  hydrogen,  and  gains  2  cq.  oxygen ;  so  that  valerianic 
acid  stands  to  amyle  in  the  same  relation  as  acetic  acid  to  ethyle, 
and  formic  acid  to  methyle.  The  acid  is  easily  separated  by  dis- 
tilling the  salt  of  potash  with  diluted  sulphuric  acid.  In  composi- 
tion and  in  all  its  properties,  it  agrees  with  the  native  valerianic 
acid,  obtwned  by  distilling  the  root  of  Valeriana  offidtudia  with 
water.  It  belongs  to  the  series  of  acids,  the  general  formula  of 
which  is  (CH)n  +  0*. 

Valerianic  acid  is  a  limpid,  oily  fluid,  of  a  disagreeable  and 

Kcnliar  smell.     Its  8p.  Q.  is  0-944,  and  it  boils  at  270°.     With 
sei,  it  forms  soluble  salts,  which  have  a  sweet  taste. 
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The  action  of  chlorine  on  hydrated  oxide  of  amyle  gives  rise  to 
the  formation  of  a  compound,  chloramilal,  supposed  to  be  analo- 
gous to  chloral,  but  the  composition  and  nature  of  which  are  not 
fully  known. 

Amilene,  the  carbohydrogen  obtained  by  distilling  hydrated 
oxide  of  amyle  with  dry  phosphoric  acid,  has  the  formula  Cio  Hm, 
and  is,  like  cetene,  isomeric  with  olefiant  gas. 

XXIII.  Gltcertlb.     CeH7  =  Gl. 

This  is  the  hypothetical  radical  of  glycerine,  a  basic  compound 
which  exists  in  all  neutral  fat  oils  combined  with  oily  acids. 

Hydrated  Oxide  of  Glyceryle.     C  e  H7  O5  +  H  O  =  Gl  O*  H  O. 

SrN.  Glycerine,  —  To  obtain  it,  olive  oil  is  converted  into  plaster 
by  long  boiling  with  litharge  and  water.  When  the  plaster  is  com- 
pletely formed,  the  glycenne  is  found  dissolved  in  the  water.  It 
IS  purified  from  lead  by  sulphuretted  hydrogen,  and  is  then  con- 
centrated in  the  vapor  bath  and  finally  in  vacuo.  When  pure,  it 
forms  a  viscid  syrup,  colorless  or  slightly  yellow.  It  has  a 
decided  sweet  taste,  and  its  Sp.  G.  is  1-252.  By  the  action  of 
heat  it  is  decomposed,  yielding  a  peculiar  volatile  compound, 
acroleine,  which  attacks  the  eyes  most  powerfully.  This  substance 
has  lately  been  studied  b^  Redtenbacher  :  we  shall  give  his  results 
when  treatins^  of  the  action  of  heat  on  fat  oils. 

With  sulphuric  acid,  glycerine  forms  an  acid  sulphate,  Gs  Ht 
Os ,  H  0,  2  bOs  ;  which  forms  double  salts,  analogous  to  the  sul- 
phovinates,  the  formula  of  which  is,  M  0,  Gl  0»,  2S  O3. 

There  is  reason  to  believe  that  the  basic  compound  in  oils  has 
not  the  composition  of  the  isolated  glycerine.  In  some  oils  it  would 
appear  to  be  Cs  Ha  0,  which  Berzelius  calls  oxide  of  lipyle  ;  and 
Cfl  H7  O5  =  2  (C3  Hi  O)  +  3  H  O.  On  this  view,oxide  of  lipyle, 
when  scpatated,  combines  with  water  to  yield  glycerine.  We 
shall  also  see  that  acroleine,  the  product  of  the  action  of  heat  on 
glycerine,  is  Ca  H4  Oa  =  2  (Ca  Ha  O.) 

Having  now  briefly  described  the  known  or  admitted  organic 
radicals  and  their  derivatives,  we  proceed  to  consider  the  organic 
acids  whose  composition  is  known,  although  we  cannot  speak  with 
certainty  of  their  constitution,  their  radicals  being  yet  imknown. 

Organio  Acids. 
1.  Citric  Acid.    C12H5  Oii,3HO=:Ci,  3HO. 

This  acid  is  found  in  many  vegetable  juices,  especially  those  of 
sour  fruits,  as  the  lemon,  lime,  orange,  red-currant,  &c.  It  is 
extracted  by  adding  chalk  to  the  acid  juice,  by  which  means  an 
insoluble  citrate  of  lime  is  formed.  This  is  decomposed  by  diluted 
sulphuric  acid  with  the  aid  of  heat,  and  the  solution,  filtered  from 
the  sulphate  of  lime,  gives  on  eyapontioii  aad  oooHng  cryitab  of 
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eitrie  add,  consutuigf  of  Ci,  3  H  0  -^  aq.     A  slight  excess  of  sul- 
pharic  acid  promotes  the  crystal lization. 

It  forms  large  transparent  crystals,  very  soluble  in  water,  of  « 
very  strong  and  agreeable  acid  taste.  A  diluted  solution  is  soon 
decomposed,  becoming  mouldy.  By  spontaneous  evaporation  of  « 
saturated  solntjon,  crystals  mav  be  obtained,  which  are  Ci,  3  HO 
-4-  i  aq.  At  312°,  these  lose  tne  2  eq.  of  water  of  crystal liza^on. 
The  other  crystals,  above  mentioned,  do  not  lose  water  at  Blf, 
but  melt  at  266"  ;  and  when  heated  beyond  300°,  both  kinds  are 
decomposed.  Heated  with  cnl  at  vitriol  in  excess,  citric  acid  w 
decomposed,  yielding. 

From  1  eq.  citric  acid  . ChHiOm 

3  eq.  carbonic  acid Cj        0* 

3  eq.  carbonic  oxide C>       Oi 

S  eq.  acetic  acid '.   .   .  CiH<0« 

3  eq.  water Hi  O* 

CnH.  Oh 

In  like  manner,  when  fiised  with  caoBtic  potash,  citric  aud  is 
resolved  into  2  eq.  of  acetic  add,  2  eq.  oxalic  acid,  and  S  eq. 
water. 

When  dtric  add  is  added  to  lime-water,  the  Uquid  remaJM 
clear,  but  when  heated  becomes  turbid,  and  deposits  oitrate  «f 
lime.  This  character  aerves  to  diatingnish  citric  add  bom  most 
other  yefs^eXabk  adds. 

a^LTS  07  oiTKio  Acm. 

Citric  add  is  tribaato,  and  forma  tiiree  aeriea  pf  Beab«l  salt!, 
that  is,  of  salts  trith  3  eq.  of  base,  whether  fixed  base  or  bade 
water.  It  also  forms  basic  salts,  of  the  Ibrmala  ^,  3MO  + UO 
or  Ci,  3110  -1-110 +  aq.  These  banc  salts  coneapond  in  e<»- 
sdtution  to  the  two  fonaa  of  (uystalliud  add. 

When  a  dry  citrate,  with  3  eq.  of  fixed  base,  is  decomposed  by 
an  alcoholic  solution  of  hydrochloric  acid,  bo  tJiat  no  m<ve  water 
is  presented  to  the  citric  add  than  the  3  eq.  of  basic  water  derived 
from  the  hydrogen  of  the  hydrochloric  acid  and  the  oxygen  of  the 
base,  there  are  formed,  from  3  eq.  dry  citric  acid,  2  eq.  of  the  add 
with  1  eq.  of  water  of  crystallization,  and  3  eq.  of  the  hydrated 
aconilJcacU:  3(Co  Hi  0»,3H  0)  =  2(CiiH>  Oii,  3H04- aq.> 
-|-3(0«HOj,HO).  This  is  the  same  change  which  take* 
place  in  citric  add  when  heated  to  a  certdn  pomt,  water  being 
given  off. 

Citrate  of  oxide  of  eA^le,  Oi,  3  Ae  0,  is  an  oily  liquid  of  8p. 
G.  1'142.     By  alcalies  it  is  converted  into  citrates  and  alcohol. 


426  PERRO-CtTSATE    OF   MORPHUfE,    ETC. 

—  —     (  2K O 

CStrate  of  potash  occurs  in  three  forms :  Ci,  3K  O  ;  Ci,  j     jj  q  . 

and  Ci,  ]  p  H  o  ^^  ^^  ^^^  soluble,  and  crystallize  with  dif- 
ficulty. __ 

Citrate  of  soda  also  forms  three  salts.  _!.  Ci,  3  Na  O  +  11  aq. 

This  salt  forms  large  regular  crystals.  2.  Ci,  2  Na  0,  H  O  ;  formed 
by  adding  to  a  solution  of  the  preceding  salt  half  as  much  citric  as 
it  already  contains.     It  forms  by  evaporation,  needles  of  a  very 

pleasant  subacid  taste.  3.  Ci,  Na  O,  2  H  0.  Formed  by  ad- 
ding to  a  solution  of  No.  1 ,  as  much  citric  acid  as  it  already  con- 
tains. This  salt  does  not  crystallize  in  water,  but  forms  a  gummy 
mass.  A  saturated  alcoholic  solution,  however,  deposits  crystal- 
line grains.  __ 

Citrate  of  baryta  forms  two  varieties.  1.  Ci,  3  Ba  O  -|-  7  aq. 
which  falls  when  citrate  of  soda  is  added  to  chloride  of  barium. 

2.  2Ci,  j^H*o^+7aq.  =  Ci,  j  ^  ^*J^  +  S,  3  Ba  O  +  7  aq. 

This  is  deposited  on  cooling,  when  a  boiling  solution  of  citrate  of 
soda  is  added  to  a  boiling  solution  of  chloride  of  barium  and  free 

citric  acid.  Citrate  of  lime  also  yields  two  salts.  1.  Neutral,  Ci, 
3  Ca  0  -{-  4  aq.  formed  by  mixing  chloride  of  calcium  and  citrate 

of  soda.  It  is  insoluble.  2.  Basic,  Ci,  3  C^O-j- CaO+ Aq-t 
formed  when  citric  acid  is  heated  with  excess  of  lime-water.  The 
citrate  of  lime  formed  from  lemon,  or  currant  juice,  by  chalk,  is 
an  impure  mixture  of  the  basic  and  neutral  salts.    Citrates  of  lead, 

1.  Ci,3PbO-f  aq.     2.  Ci,  2Pb  0,H  0 +  2aq. :  3.  Basic:  CT, 

3  Pb  0-f  3Pb  O.  4.  Also  basic.  Ci,  3  Pb  O  +  Pb  O  +  aq. 
These  are  all  sparingly  soluble  or  insoluble,  and  are  decomposed 
by  washing.      Citrate  of  copper  is  basic,  Q,  3  Cu  O  -|-  Cu  O. 

Citrate  of  silver  is  a  brilliant  white,  insoluble  powder,  Ci,  3  Ag  O 
-f-  aq*    It  loses  its  water  under  80^.     Citrate  of  antimony  and 

potash  is  a  double  salt,  CT,  Sbs  O3  +  Ci,  3  E  0  +  5  aq.  It  forms 
nard,  brilliant,  white  prisms,  which  lose  their  water  at  212®. 

The  Ferro-ckrate  of  Morphine,  —  This  double  salt  may  be  formed 
by  adding  to  a  saturated  solution  of  citric  acid,  pure  morphine, 
and  then  neutralizing  with  moist  hydrated  sesquioxide  of  iron.  It 
forms  a  red  salt  which  may  be  obtained  in  beautiful  red  scales,  by 
evaporating  the  solution  down  to  the  consistence  of  syrup,  pouring 
upon  glass,  and  drying  with  a  moderate  heat.  This  salt  wiU 
doubtless  prove  highly  efficacious  in  medicine.  The  FerrO'cUrate 
qf  Salicine  can  also  be  prepared  by  following  the  above  process, 
substituting  salicine  for  morphine.  Salicine  is  a  weak  base,  but 
will  form  salts  with  acids  and  acid  radicals,  under  fiirorable  cir- 
cumstaiusea*  •—  (  jSEbimImv.) 
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AonOR  OT  BSAT  ox  dTBIO  AOID. 

The  first  effect  of  heat  od  crystallized  citric  add  is  to  melt  it, 
and  the  next,  to  expel  the  water  of  cryGtallizatiou.  The  acid,  if 
now  dissolved,  crj^stallizes  unchanged.  But  if  the  heat  be  con- 
tinued, there  is  given  off  gas  and  inflammable  vapors,  and  the 
residue  is  no  longer  citric  acid,  but  hjdrated  aeonitic  acid. 
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When  the  heat  ia  increased,  other  products  appear,  particnlulf 
two  new  acids.  But  these  are  derived  from  aeonitic  a«id.  Th^ 
are  itaconic  and  citraconic  acids. 

Aeonitic  Acid.    C*  HO»,HO  =  At. 

Sm.  EguUelie  Acid.  —  Tliis  acid  occurs  native  in  aeonitum  nqp- 
e^us  and  in  equUttumJliiviatiU.  It  is  formed  \>y  the  action  of 
heat  on  citric  acid,  as  above.  To  obtain  it,  citric  acid  is  heated  till 
it  ceases  to  give  off  infiammable  vapors,  aod  the  residue,  dissolved 
in  alcohol,  ia  treated  with  hydrochloric  acid  gas,  which  cansee  the 
formation  of  aeonitic  ether.  The  addition  of  water  canses  this  to 
separate,  and  by  caustic  potash,  it  ia  converted  into  aconitate  of 
potash.  From  this,  aconitate  of  lead  is  prepared,  and  this  salt, 
decomposed  by  sulphuretted  hydrogen,  yields  Uie  acid. 

It  forms  indistinct  crystals,  and  although  the  acid  thna  prepared 
has  the  same  composition  as  that  from  aconite,  and  that  &om 
equisetum,  yet  each  of  the  three  varieties  has  some  peculiaritiea. 
They  may  not,  therefore,  be  identical,  especially  as  two  acida, 
derived  from  malic  acid,  the  maleic  and  paramaleic,  or  fimiario 
acids,  have  the  same  composition.  The  aeonitic  acid  from  citric 
acid,  when  heated,  yields  itAconie  and  citraconic  acids ;  it  is  doub^ 
ful,  at  present,  whether  the  other  two  varieties  do  so. 

Aeonitic  acid,  according  to  the  present  state  of  our  knowledge, 
is  monobasic,  and  the  general  formula  of  ita  salte  u  At.  M  O.  The 
aconitaies  are  not  important. 

When  aeonitic  acid  (from  dtric  acid)  is  heated  to  from  366°  to 
392°,  it  boils  and  yields  a  mixture  of  two  acids ;  itaconic  acid,  which 
condenses  in  crystals,  and  citraconic  acid,  which  appears  as  an 
oily  liqmd.  When  the  dbtillation  is  very  rapid,  itaconic  acidpre- 
dominat«s ;  when  it  is  alow,  there  is  more  citraconic  acid.  Tosm 
two  acida  have  both  the  formula  Ci  Hi  0>,  H  0. 
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Itaconic  acid  is  readilj  purified  by  solutioa  in  hot  water,  as  it 
crystallizes  with  great  facility.  It  is  soluble  in  water,  alcohol  and 
ether.  When  heated  it  is  resolved  into  water  and  anhydrous  cit- 
raconic  acid.    It  is  a  monobasic  acid,  and  its  formula  is  Cs  Ha  Oa, 

H  O  =  ft,  H  0.    The  formula  of  its  salts  is  It»  M  0.    It  also  forms 

acid  salts,  the  formula  of  which  is  2  It,  M  0,  H  0*  Hie  itaconatea 
are  not  of  special  interest. 

Citraconic  acid  is  formed  when  the  preceding  acid  is  distilled, 
and  then  appears  in  the  anhydrous  state,  as  a  limpid  oily  liquid. 
It  distils  unaltered,  at  410^,  and  volatilizes  slowly  at  much  lower 
temperatures.  It  attracts  moisture  from  the  air,  forming  a  crys- 
talline hydrate,  which,  when  heated,  is  again  resolved  into  water 
and  anhydrous  acid.     The  formula  of  the  anhydrous  acid  is  Cs  Hs 

O3  s=  Ot ;  that  of  the  hydrate  Ct,  H  O.  It  forms,  like  the  pre- 
ceding, both  neutral  and  acid  salts ;  and  produces  with  oxide  of 
ailver,  a  neutral  salt,  with  water  of  crystallization ;  an  apparently 
anomalous  case.  The  formation  of  these  two  acids  takes  place  as 
follows  :  3  eq.  of  aconitic  acid,  3  (C4  Ha  O4),  yield  2  eq,  itaconic 
acid,  2  (Cs  Ha  O3,  H  0)  and  2  eq.  carbonic  acid,  2  G  Oa.  The 
itaconic  acid,  when  formed,  is  partiidly  resolved  into  water  and  an- 
Jiydfous  citraconic  acid. 

The  three  acids  just  described,  aconitic,  itaconic  and  citraconic 
acids,  require  farther  investigation.  It  is  probable  that  it  will 
be  found  that  they  are  not  all  monobasic  The  existence  of  water 
of  crystallization  in  the  neutral  citraconate  of  silver  is  a  most 
unusual  circumstance,  and  would  seem  to  indicate  that  we  do  not 
yet  know  the  constitution  of  the  acid  in  that  salt. 

a.  Ta&tabic  Acm.    €•  H4  Om, 3  H  O  » T, 3  H  O. 

This  acid  occurs  in  the  juice  of  the  grape  as  acid  tartrate  of 
potash  ;  also  in  many  other  plants.  Itis  prepared  £rom  tartrate  of 
lime  exactly  as  citnc  acid  is  from  citrate  of  lime.  Tartrate  of 
Mme  is  obtained  by  the  action  of  chalk  on  acid  tartrate  of  potash, 
'Or  cream  of  tartmr. 

l?cu*taric  acid  crystallizes  in  larffe  rhombic  prisms,  teunsparent 
and  colorless.  Thiey  are  veir  soluble  in  water,  and  have  a  pleas- 
ant acid  taste.  When  boiled  with  alcohol,  tartaric  acid  forms  acid 
tartrate  of  oxide  of  ethyle.  A  high  temperature  decomposes  tar- 
taric acid,  giving  rise  to  several  new  products. 

An  excess  of  potash  aided  by  heat,  transforms  it  into  acetate 
and  oxalate  of  potash,  Ct  H4  Oio,  2  HO  k  C4  Hs  O3,  H  0  +  2 
(Ca  Oa  H  O^.  Bj  peroxide  of  manganese  and  sulphuric  acid  it 
is  converted  into  formic  acid,  carbonic  acid,  and  other  products. 
There  is  some  relation  between  tartaric  and  formic  acids :  for  if 
formic  acid  be  Fo  Oa  (Fo  «7  Ca  H),  tartaric  acid  is  2  (Foa  Os). 

Tartaric  acid  ^reoipitaiea  lime-water  white,  but  an  excess  dis- 
solves the  precipitate.    In  Aolutioii  of  jpotaah,  if  fte  aoid  be  added 
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is  «xceu,  it  caosea  »  orystallioe  deposit  of  creun  of  tartar,  which, 
where  the  potash  is  in  very  miauCe  proportion,  ia  rendered  more 
Tiaible  hy  the  addition  of  alcohol. 

It  is  a  bibasic  acid,  and  forms  two  series  of  salts  :  1.  Neutral. 
T,  8  M  0  :  2.  Acid;  T,  M  O,  H  0.  It  forms  also  two  kinds  of 
double  sails :  in  one  the  2  eq.  of  fixed  bas«  are  different  protoxides, 
T,  i  Q.  in  the  other,  one  of  the  equivalents  of  fixed  base  ia 
replaced  by  1  eq.of  a  sesquioiide,  T,  ]  q  This  latter  Und 
may  be  considered  baMC,  aince  llie  Besquiozide,  mi  O9,  uaudly 
nentraliaes  as  much  acid  as  3  eq.  of  protoxide.  Tartaric  acid  is 
remarkable  for  ite  tendency  to  form  double  salts. 

Among  the  neutral  tartrates  are,  the  tartrate  of  ammonia, 
T,  S  N  H4  0  +  2  aq. ;  tartrate  of  potash,  or  soluble  tartar, 
T.SKO;  tartrate  of  soda,  T,2NBO  +  4aq.;  tartrate  of  lima, 
^2CaO  +  8aq..  Ac.  &c. 

Among  the  acid  aalto  are,  acid  tartrate  of  ethyle,  or  larlfovinio 
acid,  .T,  Ae  O,  H  0  —  a  crystallixable  compound  :  acid  tartrate  of 
potash,  or  tartar,  T,  K  0,  H  O.  This  is  the  principal  compomid 
of  tartaric  acid.  It  exists  in  the  juice  of  the  grape,  dissolved  hy 
the  aid  of  the  sugar  present,  and  when  that  sugar  is  converted  into 
alcohol,  in  which  the  tartar  is  insoluble,  it  is  deposited  on  the  stdea 
of  the  fermenting  casks.  When  purified  it  is  quite  white,  and  is 
called  cream  of  tartar.  It  is  much  used  in  medicine  as  a  safe  and 
mild  laxative.  When  caldned  in  a  covered  crucible  it  leaves  • 
mixture  of  carbonate  of  potash  and  charcoal,  called  black  flux. 
Hence  carbonate  of  potasn  is  called  salt  of  tartar.  Like  all  tka 
tartrates,  cream  of  tartar,  when  heated,  gives  off  a  very  peculiar 
smell  of  burnt  vegetable  matter,  peculiar  to  tartaric  and  racemio 
acids  and  their  awts. 

Among  the  very  numerous  double  tartrates  may  be  mentimted 
the  tartrate  of  potuh  ajid  ammtmia,  T,  K  0,  N  Ht  0.  The  tar- 
trate of  potash  and  oxide  of  ethyle,  f ,  Ae  0,  K  0.  Tartrate  of 
potash  and  boracic  acid,  T,  K  0,  B  Oj  ;  this  is  the  soluble  cream 
of  tartar  used  as  a  laxative  on  the  continent.  Tartrate  of  potash 
and  soda,  T,  K  0.  Na  O  +  10  aq. ;  this  is  the  salt  of  Seignette  or 
Rochelle  salt;  it  orystalliies  in  very  large  transparent  prisms,  and 
is  used  as  a.  mild  laxative.  Tartrate  of  potash  and  peroxide  of 
iron,  T,  K  0,  Fea  Oi  ;  this  is  the  tartariicd  iron  of  the  phnrma- 
copseias.  Tartrate  of  potash  and  antimony,  T,  K  O,  Sbi  Oi; 
this  is  tartar  emetic,  one  of  the  most  valuable  remedies  :  it  must 
be  considered  as  a  basic  salt;  for  Sbi  Oj,  here  substituted  for  H 
0  u  K  0,  in  short  for  a  protoxide,  loquircs  for  its  neutralization 
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an  additional  equivalent  of  tartaric  acid.    It  then  yields  the  com- 

pound  2  T  +  ]qu  q     which  is  neutral,  since  the  bases  contain 

4  eq.  of  oxygen  for  2  eq.  of  acid. 

Tartar  emetic  is  formed  when  3  parts  of  oxide  of  antimony  and 
4  of  cream  of  tartar  are  ground  together,  and  made  into  a  thin 
cream  with  water,  which  is  heated  to  158^,  till  a  portion,  tried 
separately,  dissolves  in  15  parts  of  cold  water.  When  thb  it  the 
case,  6  or  8  parts  of  water  are  added,  and  the  whole  boiled  for 
half  an  hour.  The  liquid,  filtered  while  hot,  deposits,  on  cooling, 
crystals  of  tartar  emetic.  It  forms  white  brilliant  crystals  which 
soon  become  opaqne.     It  is  soluble  in  14  or  15  parts  of  eold 

water  and  2  parts  of  boiling  water.  The  crystals  are  T,  K  O,  Sbs 
03,  +  2aq. 

When  heated,  the  crystals  first  lose  the  2  eq.  of  water  of  crys- 
tallization ;  and  when  the  heat  rises  to  390°,  2  more  eq.  of  water 
are  given  off,  without  the  acid  being  destroyed.     The  salt  is  then 

Ci  Ha  Oio  +  iou  Q     That  is  to  say,  2  eq.  of  oxygen,  from  the 

oxide  of  antimony,  have  been  expelled  along  with  2  of  hydrogen 

from  the  acid.    It  has  been  already  shown  thai  tartar  emetic,  Cn 

(K  O 
H4  Oio  4~  iau    Q     contains  2  eq.  of  oxygen  in  the  bases,  more 

than  is  required  for  a  neutral  salt;  and  it  is  apparently  these  2  eq. 
of  oxygen  which  are  thus  expelled  as  water.  If  we  bear  in  mind 
that  Sba  O3  is  the  equivalent  of  3  K  O,  or,  in  other  words,  that 
Sbf  is  equivalent  to  K  or  to  H,  we  can  then  see  that  the  tartar 
emetic  heated  to  390°  is  analogous  in  composition  to  neutral  tar- 
trate of  potash. 

Tartrate  of  potash  is Ci     Hi    On  +  Ks 

Tartar  emetic,  heated  to  390°,  is  .   .   .  Ct   Jg^-  On  +  gj^. 

In  this  point  of  view  the  2  Sb  are  divided,  4  Sb  replacing 
hydrogen  in  the  radical,  and  j  Sb  replacmg  potassium  in  the  base. 

The  neutral  tartrate  of  potash  and  antimony,  ^  ^*  j  jgk    q 

-4-  7  aq.,  is  always  formed  in  the  mother  liquors  of  tartar  emetic. 
It  is  also  formed  when  tartar  emetic  is  dissolved  in  tartaric  acid. 

Tartar  emetic  forms  a  double  salt  with  cream  of  tartar,  T,  K  O, 

Sbs  O3  -^  3  (T,  K  O,  H  O).     It  crystallises  in  scales. 

The  Dotible  Tartrate  of  Iron  and  Quinine,  (Ferro- Tartrate  qf 
Quinine,)  —  Can  be  prepared  by  adding  to  a  saturated  solution 
of  tartaric  acid,  pure  quinine,  and  then  moist  hydrated  sesquioxide 
of  iron.  The  solution  should  be  carefully  evaporated  to  the  con- 
sistence of  syrup,  poured  on  glass,  and  dried  to  brilliant  red 
scales.    This  is  a  preferable  preparation  to  the  ferro-dtrate  of 
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qniiune,  u  it  is  more  soluble  in  oold  voter.  Its  effect  upon  the 
flfstem  is  the  same  fM  the  double  citr&te.  —  (Sandert). 

The  Ferro-ToTirtdg  of  iforphine  can  be  prepared  as  the  above. 
The  ferro-citrate  and  the  ferro-Iartrate  of  morphine,  have  proved 
valuable  remedies  in  the  hands  of  Professors  Newton,  King  and  Free* 
man.  The  Ferro-taTtrate  of  tidicine  can  be  prepared  as  the  above, 
substituting  this  alcoloid  for  quinine  or  morphine.  —  {Sandera). 

It  is  quite  probable  that  double  citrates  and  tarb^tea  of  quioine 
and  morphine  can  be  prepared  with  equal  facility  with  the  above. 
—{Sanders). 

ACnOH  OP  BXAT  ON  TARTARIO  AOID. 

When  crystallized  tartaric  acid  is  heated,  it  melts,  then  loses  \ 
of  its  water,  leaving  a  new  acid,  tartralic  acid  ;  next  it  loses  ^-ils 
water,  and  is  converted  into  tartrelic  acid  ;  and  finally  it  loses  all 
its  water  and  is  converted  into  anhydrous  tartaric  acid.  We  may 
represent  these  changes  aa  follows,  doubling  the  formula  of 
tartaric  acid. 

C]<  Hs  Ob-)-4  ho  —  cryetalliced  tartaric  acid. 

Ci«H(  0»-{-  3H  O  =  tartralic  acid. 

CitHtOw-l-aHOss tartrelic  acid. 

CitHi  On  ^  rmhydiDUB  tartaric  acid. 

In  tartralic  and  tartrelic  acids,  the  neutralizing  power  is  dimin- 
ished, in  BO  far  that  tartralic  acid  neutraliiea  ^  less  base,  and 
tartrelic  acid  ^  less  base  than  tartaric  acid.  Both  of  these  acids, 
as  well  as  the  anhydrous  acid,  are,  by  long  boiling  with  water, 
reconverted  into  tartaric  acid.  It  would  appear  as  if  in  the  tar- 
tralic and  tartrelic  adds,  an  additional  quantity  of  anhydrous  acid 
had  been  added  to  the  radical  without  affecting  the  neutralising 
power,  just  as  in  phosphoric,  pyropbosphorio,  and  metapbosphoric 
acids.  If  we  represent  the  anhydrous  acid  by  C4  H>  Oi,  then 
we  have, 

2  (Ct  HiO0  +  3HO  =  cry8tallizedacid. 

3  (CtHi  0()  +  3HO=- tartralic  acid. 

4  (Ci  Hi  Of) -f  3  H0  =  tartrelic  acid. 

When  tartaric  acid,  or  rather  anhydrous  tartaric  acid,  is  more 
strongly  heated,  it  yields  two  pyrogenous  acids,  one  liquid,  the 
other  crystallized.  The  former,  C.  H.  0.,  HO,  the  latter  C>  H, 
Ot,  HO.  In  fact,  2  eq.  of  anhydrous  tartaric  acid  contain  the 
elements  of  1  eq.  of  each  of  these  new  acids,  5  eq.  of  carbonic 
acid,  and  S  eq.  of  water.  The  liquid  acid  is  called  pyroracemic 
acid,  being  obtained  also  from  racemic  acid  :  the  solid  acid  may 
be  called  pyrotartaric  acid. 

Tartralic  acid.  CiiH«0i,2H0,  is  obt»ned  by  cautJously 
heating  tartaric  add,  taking  care  not  to  cause  it  to  become  brown. 
It  is  combined  with  baryta,  and  the  baryta  separated  from  the 
soluble  tartralate  by  dilated  sulphuric  acid.  Tartralic  acid  forms 
a  transparent  mass,  not  crystanine,  deliquescent,  and  soluble  in 
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alcohol.  It  is  converted  into  tartaric  acid,  slowlj  by  cold  water, 
rapidly  by  hot  water.  It  appears  to  be  bibasic,  and  most  of  its 
salts  are  soluble.  By  long  contact  with  water,  they  are  converted 
into  tartrates  and  free  tartaric  acid. 

TartFelic  acid,  CitHe  0»,  2H0,  is  obtained  by  keeping  the 
preceding  acid  long  melted  without  raising  the  temperature.  It 
IS  colored  brown,  is  deliquescent,  and  dissolves  both  in  water  and 
alcohol.  Water  rapidly  changes  it  into  tartralic  and  tartaric 
acids.  Its  salts  are  soluble,  and  undergo  the  same  change  as 
those  of  tartralic  acid. 

Anhydrous  tartaric  acid,  C4  Hs  Os,  is  prepared  by  rapidly 
heating  ^  oz.  of  tartaric  acid  in  a  porcelain  capsule.  It  swells  up 
very  much,  gives  off  water,  and  is  at  last  converted  into  a  porous 
white  mass.  This  is  now  heated  for  some  time,  in  an  oil-bath,  to 
a  temperature  of  302^,  then  powdered  and  well  washed  with  cold 
water,  and  dried.  It  forms  a  white  powder  insoluble  in  water, 
alcohol,  and  ether.  By  the  action  of  water  and  bases  it  is  con- 
verted successively  into  tartrelic  and  tartaric  acids.     Pyroracemic 

acid,''or  liquid  pyrotartaric  acid,  06H3  0fl,H0s=s pR, H  O,  is 
one  of  the  products  of  the  distillation  of  tartaric  and  racemic  acids. 
It  is  separated  from  the  crystals  which  accompany  it,  combined 
with  oxide  of  lead,  and  the  well -washed  pyrotartate  of  lead  decom- 
posed by  sulphuretted  hydrogen.  It  is  concentrated  in  vacuo, 
and  forms  a  thick  syrup  nearly  colorless,  which  cannot  be  distilled 
without  partial  decomposition.  Its  salts  are  not  easily  obtained 
in  crystals,  and  when  their  solutions  are  heated,  they  lose  the 
power  of  crystallizing.  The  general  formula  of  the  pyroracemates 
IS  Ce  Ha  Os,  M  0.  They  are  colored  dark  red  by  salts  of  pro- 
toxide of  iron,  and  a  crystal  of  sulphate  of  copper  introduced  mto 
the  solution  of  a  pyroracemate  causes  a  white  precipitate.  Pyro- 
racemate  of  oxide  of  ethyle  is  a  colorless  liquid,  of  an  aromatic 
smell,  resembling  that  of  acorus. 

Pyrotartaric  acid,  Cs  Ha  O3,  H 0  =pT»  HO,  is  formed  along 
with  the  preceding  acid  in  small  quantity  by  the  distillation  of 
tartaric  acid  ;  it  is  obtained  £ir  more  abundantly  by  the  distillation 
of  cream  of  tartar.  The  product  of  the  distillation,  Which  is  liquid, 
is  evaporated  till  it  crystallizes,  and  the  mother  liquid,  a6ted  on 
b J  nitric  acid  to  destroy  the  oily  impurities,  and  again  evaporated, 
^rields  an  additional  quantity.  The  cnrstalsmeltat  230**,  and  vola- 
tilize at  from  284^  to  300®.  The  salts  of  thb  acid  are  soluble ; 
that  of  lead  appears  to  be  rather  sparingly  so.  But  the  results  of 
different  experimenters  on  this  subject  are  so  discordant  that  we 
must  wait  for  farther  researches. 

3.  Racemic  Aero.     C4  Hs  Os.H  0  =  k,H  01  or €•  Hi  Oio,JIH  O 

=  R,aH01 

6vN.  Paraiartark  Acid,  —  This  remarkable  acid,  which  has  the 
same  compostdon  in  100  parts  aa  tartaric  add,  and  rmrj  atmilar 
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properties,  U  found  Along  vUli  tartaric  acid  in  the  grapes  of  cer- 
tain districts.  When  both  acids  are  present,  tl)e  liquid  obtained 
by  boiling'  the  tartrate  and  rncemate  oflime  with  diluted  sulpbaric 
acid,  deposits,  on  evaporation,  racemic  acid  in  bard  crystalline 
crusts,  before  tartnric  acid,  which  is  more  soluble,  begins  to  crys- 
tallize. It  may  be  distinguished  from  tartaric  acid  hy  not  forming 
a  double  salt  of  potash  and  soda. 

The  crystals  of  the  racemic  acid  have  a  very  >out  taste,  and  are 
composed  of  R,  H  0  -|-  nq.  At  2 1 2°  they  lose  the  I  eq.  of  wat«r 
of  crystallization,  and  when  more  strongly  heated,  yield  the  same 
products  as  tartaric  acid.  The  solulJon  of  racemic  acid  forms  a 
precipitate  of  racemate  of  lime  when  mixed  with  chloride  of  calcium, 
which  serves  to  distinguish  it  front  tartaric  acid  ;  but  like  tartaric 
acid,  it  causes  n  crystalline  precipitate  in  the  salts  of  potash, 

Racemic  acid  is  possibly  monobasic,  and  according  to  some,  it 
does  not,  like  tartaric  acid,  form  double  salts  with  two  strong  bases. 
It  forms  neutral  salU,  R,  M  0,  and  acid  salts,  R,  M  0  -{-  R,  H  0. 
Thus  the  neutral  racemate  of  potash  is  R,  K  0  -|~  ^  aq,,  and  the 
acid  racemate  of  potash,  analogous  to  cream  of  tartar,  is  R,  K  0 
-(-R,  HO.  These  two  sails,  therefore,  have  precisely  the  same 
composition  as  the  corresponding  tartrates.  The  acid  racemate  of 
potash,  with  oxide  of  antimony,  yields  a  double  salt  analogous  to 
tartar  emetic,  but  of  a  different  crystalline  form.  The  relations  of 
racemic  acid  to  the  oiides  of  ethyle  and  nietbyle  are  similar  to 
those  of  tartaric  acid.  On  the  whole,  racemic  acid  is  interesting, 
from  its  presenting  one  of  the  best  marked  cases  of  isomerism, 
namely,  with  tartaric  acid.  In  this  case,  not  only  is  the  compou- 
tion  the  same,  but  the  general  properties,  and  most  of  the  special 
ones,  are  identical.  In  fact,  were  it  not  that  we  must  admit  tar- 
taric acid  to  be  bibasic,  we  should  hud  it  difficult  in  any  way  to 
account  for  the  differences  which  exist  between  the  two  acids.  We 
have  here,  even  on  the  supposition,  which  is  doubtful,  that  racemic 
acid  is  monobasic,  a  very  near  approach  to  the  occurrence  of  dif- 
ferent properties  with  the  same  composition,  and  even  the  same 
arrangement.  The  two  acid  salts  ol  potash,  for  example,  are,  on 
this  view,  Ci  Ht  Ow    j^Q  forthebitartrate:andCt  Hi  Os.EO 

+  Ci  Hs  Ol ,  H  0  for  the  biracemate.     If  we  represent  the  latter 

Q  HO  (  K  O 
as  follows:  n  h' O  (HO  ^**^^  how  very  nearly  alike  they 
are,  even  on  the  view  we  have  adopted  of  the  one  acid  being  biba- 
sic, and  the  other  monobasic ;  and  we  must  bear  in  mind  that 
these  two  salts  are  strikingly  similar  in  properties.  The  same 
remarks  apply  to  the  crystallized  acids  and  to  the  double  salts  with 
an^roony,  although  in  uie  case  of  the  two  acids,  we  have  evidence 
of  one  point  of  difference  in  the  arrangement  Tartaric  acid  ii 
37 
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Ct  H4  Oio ,  2  H O,  while  racemic  acid  is  C4  Hi  Os,  H  O  -}-  aq., 
and  loses  the  water  of  crystallisation  at  212^. 

Fresenius  has  recently  investigated  the  racemates  and  has  not 
been  able  to  estabtish  Uie  tme  distinction  between  racemic  and 
tartaric  acids.  More  recently  still,  a  double  racemate  of  potash 
and  soda  has  been  obtained,  which  would  lead  us  to  admit  racemic 
acid  to  be,  like  tartaric  acid,  bibasic.  For  the  present,  therefore, 
we  cannot  specify  with  certainty  any  difference  of  constitution 
between  the  two  acids. 

4.  Malic  Acid.   Ct  H4  Ot,  2  H  O  =^,  2  H  O. 

This  acid  b  of  very  frequent  occurrence  in  acid  fruits,  as  in  the 
a{^le,  and  especially  in  the  unripe  berries  of  sorbus  aucvparia,  or 
mountain  ash.  The  best  method  of  extracting  it  is  to  express  the 
berries  when  they  be^n  to  turn  red,  and  to  add  to  the  strained 
liquid  a  thin  milk  of  lime  so  as  not  entirely  to  neutralize  the  acid. 
On  heating,  neutral  malate  of  lime  separates,  and  is  removed  by  a 
skimmer.  To  the  mother  liquid  more  milk  of  lime  is  added  cau- 
tiously, so  as  to  produce  an  additional  quantity  of  salt.  The 
malate  of  lime  is  washed  with  cold  water,  and  dissolved  with  the 
aid  of  heat  in  a  mixture  of  1  part  nitric  acid,  and  10  of  water. 
On  cooling,  acid  malate  of  lime  is  deposited  in  regular  crystals, 
which  are  almost  always  colorless.  They  are  rendered  quite  pure 
by  a  solution  in  hot  water  and  crystallization.  From  this  salt,  by 
the  addition  of  acetate  of  lead,  malate  of  lead  is  precipitated  as  a 
cnrdy  white  solid,  which,  if  left  in  the  liquid,  changes  into  shining 
silky  crystals.  These,  which  are  pure  malate  of  lead,  being 
decomposed  by  sulphuretted  hydrogen,  yield  the  acid,  which  when 
evaporated  to  a  syrup,  forms  a  granular  crystalline  mass,  deliques- 
cent in  the  air,  of  a  strong  but  agreeable  acid  taste.  When  the 
crystallized  acid  is  kept  for  some  time  at  a  heat  of  280^,  it  melts, 
and  the  melted  acid  is  gradually  filled  with  crystals.  Cold  water 
removes  the  unchanged  malic  acid,  which,  if  again  heated,  under- 
goes the  same  change,  till  at  length  all  the  malic  acid  is  converted 
mto  these  crystals,  which  are  paramaleic  or  fumaric  acid. 

If  malic  acid  be  distOled  by  a  sharp  heat,  a  great  part  passes 
over  in  the  form  of  a  volatile  crystallizable  acid,  the  maleic  acid. 
At  a  certain  period  of  the  distillation,  if  the  retort  be  removed 
from  the  fire,  the  boiling  residue  having  become  turbid  and  thick, 
it  suddenly  becomes  quite  solid,  and  is  found  to  consist  of  fumaric 
acid. 

Malic  acid  is  bibasic  ;  in  proof  of  which,  it  forms  acid  salts 
with  lime,  magnesia,  and  oxide  of  zinc,  which  monobasic  acids 

never  do.     There  are  two  series  of  m'alates :  1,  Neutral,  M  2  M  O  ; 

2,  Acid,  M,  M  0,  H  0.    Most  of  the  malates  are  soluble  in  water, 
but  not  in  alcohoL    Lime  water,  neutralized  by  matic  add,  eon* 
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tinneB  clesrwhether  cold  or  hot,  which  serves  to  distinguish  it  from 
tartaric,  citric,  raceraic,  and  oxalic  acids. 

Acid  mniale  of  ammonin,  M,  N  H<  O,  H  0,  is  best  formed  bf 
neutralizing  with  ammonia  one  of  two  equal  portions  of  malic  acid 
(as  prepared  from  tlie  crude  malate  of  lead  by  dilut«d  sulphuric 
acid),  and  tlien  adding  the  other  portion,  and  evaporating  to  a 
syrup.  On  cooling,  large  and  very  regular  crystals  of  the  acid 
are  deposited,  which  are  easily  decolorised  by  animal  charcoal. 
This  is  an  excellent  method  of  purifying  matic  acid,  when  it  is 
much  contaminated  with  other  substances.  Acid  malate  of  lime, 
M,  Ga  0,  H  0  -|-  6  aq.,  is  prt;pared  as  above  described.  It  forms 
very  regular  and  pure  crystals,  soluble  in  their  own  weight  of 
boiling  water,  but  requiring  20  parts  of  cold  wal«r.  When  malic 
acid  is  saturated  with  chalk,  an  acid  liquid  is  obtained,  which, 
when  boiled,  deposits  the  neutral  malal«  of  lime,  M,  2  Ca  0.  The 
malate  of  lead,  M,  S  Pb  0  4-  6  aq.,  is  remarkable  for  cban^g 
when  leA  in  the  liquid  in  which  it  has  been  formed,  from  a  curdy 
whit«  precipitate  to  a  mass  of  fine  silky  needles.  In  hot  water 
this  salt  melts  into  a  mass  like  pitch  in  consistence.  Acid  maUte 
of  copper,  M,  Cu  0,  H  0-{-  8aq.,  forms  splendid  large  crystals  of  a 
fine  cobalt-blue  color.  There  appears  to  be  a  basic  malate  of  copper, 
M,  2  Cu  0  +  Cu  0  +  6  aq.,  which  forms  green  crystals.  Ualate  of 
silver,  M,  2  Ag  0,  is  a  white  powder,  soluble  in  boiling  water.  The 
other  mslalcs  are  analogous  to  these,  and  possess  little  interest. 

Ualeic  acid,  Ci  Hi  0<,  2  H  O  =  Ma,  S  H  O.  is  prepared  as 
above  mentioned,  by  distilling  malic  acid.  This  acid  is  bibatic, 
bnt  has  the  same  composition,  in  100  paria,  as  aconitic,  or  equi- 
setio  add.  It  forms  crystals,  which  are  very  soluble  in  wUer, 
alcohol,  and  ether.  When  heated  sharply,  it  yields  water,  and  % 
white  Tolatile  solid,  melting  at  134°,  and  bcniing  at  350°,  which 
appears  to  be  an  anhydrous  maleic  acid.  When  Uie  hydrated  acid 
is  kept  melted  for  some  time,  it  is  changed,  exactly  as  malic  acid 
is,  into  famaric  acid.  Hydrated  maleic  acid  has  precisely  the 
same  compos(ti<»  as  anhydrous  malic  acid,  which  at  once  exploiu 
it  formation. 

The  general  formula  of  its  salts  is,  Ma  f ,  M  O,  for  the  neutral, 
andMa,MO,HO,  for  the  acid  maleates.  It  forms  an  acid  male- 
ate  of  silver.  Ma.  Ag  0,  H  0. 

Fumaric  or  paramnleic  acid,  C*  H  Oi,  H  O  =  Fu.H  0,  is 
formed,  as  above  stated,  by  heating  either  malic  or  maleic  acida 
to  their  melting  point,  and  keeping  them  melted  for  a  long  time. 
It  occurs  in  ^marta  affiemalu,  and  in  Iceland  moss.  It  forms 
micaceous  scales  requiring  200  parts  of  cold  water  for  aolutiob. 
It  is  soluble  in  alcohol. 
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It  is  a  monobasic  acid,  but  has  the  same  composition  in  100 
parts  as  malcic  acid,  which  at  once  explains  its  formation  from 
malic,  or  from  maleic  acid.  Its  salts  are  sparingly  soluble.  The 
fumarate  of  oxide  of  ethjle  is  a  heavy  oily  liquid,  of  an  aromatic 

•mell  of  fruits.  When  this  ether,  Fu,  Ae  0,  is  acted  on  by  aqua 
amifioniae,  it  forms  a  white  insoluble  powder,  which  is  fumaramidc, 
C4  H  Os  -{-  N  Hs.  This  body  has  all  the  characters  of  a  com- 
pound amide. 

6.  Tannic  Acid.     CwHs  09,3  H  0  =  (it,3H  O. 

SrN.  Querciiannic  Acid.  Tannine.  —  This  acid  occurs  chiefly  in 
oak  bark  and  in  nut-galls,  an  excrescence  on  oak-leaves,  caused  by 
the  attacks  of  an  insect,  which  apparently 
pierces  the  leaf  in  order  to  deposit  its  eggs. 

To  obtain  it,  coarsely-powdered  nut-galls 
are  acted  on,  in  an  apparatus  of  displace- 
ment by  ether,  free  from  alcohol,  but  satu- 
rated with  water.  When  the  ether,  after 
bein^  left  some  time,  in  contact  with  the 
powder,  is  allowed  to  drop  into  the  lower 
Teasel,  it  separates  into  two  strata  of  liquid, 
the  lower  of  which  is  a  pure  solution  of 
tannic  acid  in  water,  which  is  drawn  off  and 
dried  up  after  bein?  washed  with  ether. 
The  dry  mass  is  redissolved  in  water,  and 
again  dried  up  in  vacuo. 

Tannic  acid  thus  obtained  is  nearly  white, 
and  not  at  all  crystalline.  It  is  very  soluble 
m  water  and  has  a  most  astringent  taste  without  bitterness.  It  is 
soluble  in  weak  alcohol,  but  hardly  soluble  in  ether.  The  aque- 
ous solution,  if  exposed  to  the  air,  absorbs  oxy&;en,  produces  an 
equal  volume  of  carbonic  acid,  and  is  converted  into  gallic  and 
ellagic  acids.  The  addition  of  the  mineral  acids  to  a  solution  of 
tannic  acid,  causes  a  precipitate,  which  is  composed  of  tannic  acid 
and  the  acid  employed,  (sulphuric,  <&c.,)  and  which  is  very  solu- 
ble in  pure  water.  The  precipitate  formed  by  sulphuric  acid  in  a 
hot  solution,  dissolves  in  hot  diluted  sulphuric  acid,  and  when  this 
solution  has  been  boiled  a  short  time,  it  contains  no  tannic  acid, 
the  whole  being  converted  into  gallic  acid. 

Tannic  acid  combines  with  animal  gelatine,  forming  an  insoluble 
curdy  precipitate.  A  piece  of  prepared  skin,  introduced  into  a 
solution  of  tannic  acid,  absorbs  the  acid,  and  is  converted  into 
leather.  When  heated,  tannic  acid  is  converted  into  metagallic 
and  pyrogallic  acids. 

Tannic  acid  and  its  salts  strike  a  deep  blue,  nearly  black  color 
with  persalts  of  iron ;  and  it  likewise  causes  a  precipitate  in  the 
solutions  of  most  of  the  vegetable  bases. 
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Itisa  tribsNC  acid,  and  the  general  formnlK  forthenentral  tan- 
naleais  Qt,  3  MO,  id  the  case  of  protoxides,  and  3Qt,MiOi,  in 
tie  case  of  seaquioxidea.  These  salts,  however,  have  been  but 
liule  studied.* 

The  conversion  of  tannic  acid  into  gallic  acid  is  not  fully  undef' 
stood.  In  some  circumstances,  it  appears  to  depend  on  the 
absorption  of  oxygen ;  and  in  fact,  1  eq.  tannic  acid,  plus  8  eq. 
oxygen,  contains  the  elements  of  2  eq.  gallic  acid,  4  cq.  carbonic 
acid,  and  2  eq.  water.  But  when  the  conversion  is  produced  by 
sulphuric  acid,  no  other  substance  is  formed  with  the  gallic  acid, 
except  a  coloring  matter,  which  appears  not  to  be  esGential.  There 
is  some  probability  that  gallic  acid  exists  ready  formed  in  tannin 
acid ;  tvnd  if  we  subtract  S  eq.  anhydrous  gallic  acid,  2  (Ct  Hi 
Ot),  from  I  eq.  of  hydrated  tannic  acid,  CnHi  Oit,  there  is  left 
Ct  H(  Oi,  which  is  the  composition  of  hydrated  acetic  acid  ;  or, 
tripled,  that  of  dry  grape  sugar.  As  tannic  acid,  or  at  least  the 
powder  of  nut-galls,  if  moistened,  is  said  to  be  susceptible  of  the 
vinous  fermentation,  it  is  not  impossible  that  tannic  acid  may  con- 
tain gallic  acid,  plus  suirar,  if  not  gallic  ncid,  plus  acetic  acid. 
Tannic  acid  is  converted  into  gallic  acid  as  rapidly  by  the  actjon 
of  an  excess  of  alcali  as  by  that  of  acid  ;  but  the  whole  subject 
requires  investigation. 

6.  GALLIC  Acid.     CtH  Oi.S  H0=G,2H  O. 

This  acid  exists  in  the  seeds  of  mango,  and  is  formed  as  abore 

described  by  the  decomposition  of  tannic  acid.     It  is  purified  from 

coloring  matter,  by  combining  it  with  oxide  of  lead,  and  decom- 

Eosing  the  gnllate  of  lead,  suspended  in  water,  by  sulphuretted 
ydrogen  ;  the  sulphide  of  lead  acts  as  a  decolorizing  agent. 
Pure  gallic  acid  forms  beautiful  prisms  of  a  silky  lustre,  and  a 
slight  yellowish  color,  of  the  formula  Cj  H  Oa,  2H  0 -f-aq.  It 
is  sparingly  soluble  in  cold  water,  requiring  lOOparta,  but  dissolves 
in  3  parts  of  boiling  water.  SoluUons  of  the  acid  and  its  salts, 
strike  a  black  color  withpersalls  and  protopersalta  of  iron.  When 
exposed  to  the  air,  the  solution  of  gallic  acid  absorbs  oxygen,  and 
becomes  dark-colored  ;  this  change  is  very  rapid  in  the  presence 
of  alcalies,  so  that  the  nlcaline  gallates,  especially  if  the  alcali  be 
in  excess,  are  rapidly  decomposed,  and  become  nearly  black. 

When  dissolved  in  hot  oil  of  vitriol,  and  precipitated  from  the 
cold  solulJoa  by  water,  gallic  acid  is  obtained  in  a  peculiar  form, 

•  The  tannsle  of  Ihe  nsqaioilde  of   Iron  is  b  deep  black  salt,  soluble  ia 

nmon  writing  Ink,  which  is,  Dccaidin^  to  Sulll- 

a.      fiy  properly  boiling  a  eolution  of  lanuic  add 
ilear,  adding  oarefully  Ibo  moist  hydrated  perox- 
ide of  Iran,  a  double  mlt,  the /erroJannofco/guininf,  is  formed.      It  la  adtrk 
salt,  bat  li  not  so  elegant  a  preparation  as  the  ferro-citnte  and  ferra-ta'' 
of  quinine,  (wbioh  we  under  the  beada  of  tbeae  aotds.) 
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as  Ct  Hs  O4  y  perbaps  Ct  H  O3  +  H  O,  in  which  the  crystals  have 
lost  2  eq.  of  water,  1  basic  or  hydratic,  the  other,  water  of  crys- 
tallizatioD.  This  peculiar  gallic  acid  is  a  reddish-brown  crystal- 
line powder,  which  might  be  used  in  dyeing,  as  it  yields  colors  on 
clotli,  like  those  from  madder.  When  heated  it  forms  fine  red 
prisms,  which  call  to  mind  alizarine,  the  crystalline  matter  found  in 
madder. 

By  the  action  of  heat,  crystallized  gallic  acid  yields,  like  tannic 
acid,  pyrogallic  and  metagallic  acids. 

The  gallates  are  little  known.     They  are  very  easily  decomposed 

by  the  action  of  the  ur.  The  acid  gallate  of  ammonia  is  G,  N 
H4  O  4~  G,  2  H  O.  Acid  gallate  of  lead  has  a  similar  composition. 
There  is  a  bibasic  gallate  of  lead,  G,  2  Pb  O. 

The  recent  investigations  of  Biichner,  Junior,  have  shown  that 
both  the  tannates  and  gallates  are,  in  some  respects  anomalous, 
and  require  farther  study. 

When  tannic,  or  gallic  acid  is  heated  by  a  sharp  fire,  carbonic 
acid,  water  and  pyrogallic  acid  distil  over,  while  a  dark  solid 
remains  in  the  retort,  which  is  metagallic  acid. 

Pyrogallic  acid,  Ca  H  O  ?  C«  H3  O3  ?  or  Cs  H4  O4  ?  forms 
shining  scales  of  a  bitter  and  astringent  taste  ;  fusible  at  240^, 
volatile  at  410**.  It  is  converted,  by  a  stronger  heat,  into  meta- 
gallic acid.  It  is  formed  from  gallic  acid,  C7  Ha  O5,  by  the  loss 
of  1  eq.  carbonic  acid.  If  acid  at  all,  it  is  a  very  feeble  acid,  and 
nothing  is  known  of  its  salts. 

Metagallic  acid,  CisHs  O3,  H  0  ?  Ci  Hs  O3  ?  is  produced  as 
above  mentioned,  from  tannic,  gallic,  and  pyrogallic  acids.  It  is  a 
black  powder,  insoluble  in  water,  soluble  in  alcalies.  Of  its  salts 
little  is  known.  It  differs  from  gallic  acid,  only  by  the  elements 
of  carbonic  acid :  2  (C7  Hj  O4 )  =  2  C  Oi  +  Cw  H4  O4 .  From 
pyrogallic  acid  it  only  differs  by  the  elements  of  water. 

Tannic  acid  contains  the  elements  of  gallic  and  pyrogallic  acids. 
3  (CisHi  On)  =.6  (Ct  H3  Os )  +  2 (Cc  H3  O3);  and  since  cither 

Skllic  or  pvrogallic  acid  may  produce  metagallic  acid,  it  is  obvious 
at  there  is  a  closti  connection  among  these  four  compounds.  The 
precise  nature  of  this  connection  future  experiments  must  ascertain. 
When  an  infusion  of  nut-galls  has  been  so  long  exposed  to  the 
air,  that  all  tannic  acid  has  disappeared,  the  gallic  acid  is  found 
mixed  with  an  insoluble,  or  sparingly  soluble  powder,  which  is  a 
new  acid,  ellagic  acid.  Its  composition  is  C7  H3  O5,  and  when 
dried  at  240'',  C7  Ha  O4 ;  so  that  it  is  isomeric  with  gallic  acid, 
and  with  the  modified  acid  produced  by  the  action  of  oil  of  vitriol. 
It  has  not  been  much  studied,  and  we  do  not  know  its  actual 
atomic  weight.  When  heated,  it  yields  greenish  yellow  vapors, 
which  condeniie  into  crvstals  of  the  same  color,  insoluble  in  water, 
■kohoU  or  ether,  solable  in  sulphorio  add  and  in  alcalies. 
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^lis  Kcid  ia  said  to  occur  io  the  root  of  lonitentillanlfftaru;  and 
ia  also  the  chief  coostituenl  of  bezoar  sUmea,  which  are  a  species 
of  animiil  concretion.  According  to  Mercklein  nod  Wiihler,  the 
acid  of  beEoar  stones  is  Ck  H3  Ot  H  0  ;  which  is  equal  to  twice 
the  formula  of  ellagic  acid,  minus  1  eq.  of  hydrogen,  for  S(Ct 
Ht  0<)  =  CitHt  Oi.  The  acids,  according  to  Mercklein  and 
WiJMer,  are  identical,  and  their  formula,  Gh&i  Ot.  H  O  —  Cu 
H>  Oi,  is  probably  correct. 

Tannic  acid  and  the  Bubstances  derived  from  it,  occur  Jn  a  good 
many  plants,  besides  those  of  the  genus  gMtmu/  the  infusionaof 
all  of  which  are  recogniied  by  their  striking  a  blabh-black  willi 
persalts  of  iron.  But  the  astringent  taste  and  the  pro^rty  of 
tanning,  or  combining  with  animal  gelatine,  are  found  in  many 
plants,  such  as  cinchona,  luno,  catechu,  pinua,  Jec.  These  are  dis- 
'  linguished  by  giving,  with  persalts  of  iron,  either  a  dark  green  or  a 
gray  color.  It  has  not  been  proved  that  they  contain  tannic  acid, 
but  Qeiger  has  shown  that  these  different  colors  may  occur  even 
when  the  same  tanning  principle  is  present,  and  that  the  green  is 
owing  at  all  events  frequently,  to  the  presence  of  free  acid,  while 
the  addition  of  chalk,  in  some  cases,  cbangea  the  green  to  the 
characteristic  bluish -black,  due  to  tannic  aad.  There  are,  bow- 
ever,  some  reasons  for  admitting  more  than  one  tanning,  or 
astringent  princinle.  The  whole  subject  requires  investigation. 
Catechu.    Mimotannic  Acid. 

When  catechu,  the  dried  extract  of  mimota  caUehu,  is  acted  on 
by  cold  water,  it  yields  a  soluble  matter  very  similar  to  tannic  acid, 
if  not  identical  with  it  when  pure.  It  i-<,  however,  contaminated 
by  some  compound  which  causes  it  to  redden  when  exposed 
to  air.  It  does  not  appear  to  yield  Ibe  same  products  when 
heated  that  tannic  acid  does ;  but  this  is  uncertam,  and  may  be 
caused  b;^  the  presence  of  impurities.  Berzelius  proposes  to  ckll 
this  tannic  acid,  mimotannic  acid,  from  mtmofa,  to  disdngiush  it 
from  the  tannic  acid  of  galls,  which  he  calls  quercitannic  acid, 
from  querau. 

The  portion  of  catecbu  insoluble  in  cold  water,  contains  a  pecu- 
liar compound,  called  catecbine  or  tanningenic  acid.  It  is  stMuble 
in  hot  water,  and  when  pure  forms  a  white  silky  crystalline  powder 
which  is  said  to  be  composed  of  Cu  Ha  0«.  When  heated  it  is 
said  to  be  transformed  into  (mimo  ?}  tannic  acid.  By  the  action 
of  caustic  potash  it  yields  a  black  acid,  japonic  acid,  Cu  H«  O4, 
HO?  Carbonate  of  potash  converts  it  into  a  red  acid,  nihinic 
acid,  CiB  Hs  O4  {  ?  )  in  the  anhydrous  state.  The  hydrated  acid 
is  sud  to  have  the  same  composition  as  japonic  acid,  possibly, 
therefore,  diHiOi?  But  as  the  japonic  acid,  on  the  same 
authority,  Svanberg,  in  combining  witJi  silver,  fonns  a  saltCiiHi 
Ot  Ag  0,  in  which  2  eq.  of  the  acid  have  loet  2  eq.  of  water,  and 
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gahied  only  1  eq.  oxide  of  silver,  it  is  evident  that  our  knowledge 
of  these  compounds  is  very  imperfect. 

7.  Meconic  Acid.     Cm  H  On,  3  H  O  =  fie,  3  H  O. 

A  tribasic  acid,  found  only  in  opium,  the  dried  juice  of  papaver 
aomniferum.  To  prepare  it,  the  crude  meconate  of  lime,  obtained 
in  the  manufacture  of  muriate  of  morphia,  is  mixed  with  twenty 
parts  of  boiling  water,  and  three  parts  of  strong  hydrochloric 
acid  added  to  the  mixture,  which  must  be  removed  from  the  fire, 
and  not  boiled  after  the  acid  has  been  added.  On  cooling,  acid 
meconate  of  lime  is  deposited  in  shining  crystals,  which  are  col- 
lected on  a  cloth  filter,  squeezed,  and  treated  a  second  time  with 
the  same  quantities  of  acid  and  hot  water.  The  strained  acid 
liquid  contains  a  large,  but  variable  proportion  of  sulphate  of  lime 
always  present,  sometimes  even  to  the  extent  of  ^  or  |,  in  the 
crude  meconate  of  lime.  Hence  the  advantage  of  usinor  so  much 
hydrochloric  acid,  which  also  renders  the  meconic  acid  less  solu- 
ble. This  time,  the  crystals  are  meconic  acid,  still  much  colored. 
They  are  collected  and  squeezed  as  before,  and  to  make  sure  that 
all  lime  is  removed,  a  third  time  dissolved  in  20  parts  of  hot  water 
and  2  of  hydrochloric  acid.  The  addition  of  the  acid  not  only 
removes  the  last  traces  of  lime,  but  causes  the  meconic  acid  to 
crystallize  almost  entirely  out  of  the  liquid,  it  being  nearly  insolu- 
ble in  diluted  acid.  The  crystals  washed  with  a  little  cold  water, 
and  dried  at  the  ordinary  temperature,  are  now  pure  from  every 
thing  but  coloring  matter,  and  when  heated  to  redness,  leave  no 
resiaue. 

To  get  rid  of  the  color,  the  crystals  are  now  mixed  with  warm 
water,  and  caustic  potash  gradually  added,  so  as  nearly  but  not 
quite  to  neutralize  the  acid.  As  soon  as  the  point  of  neutraliza- 
tion is  reached,  the  reddish  color  changes  to  green,  and  so  much 
potash  must  be  added  that  any  farther  quantity  would  produce 
the  green  color.  The  whole  is  then  heated  in  the  water- 
bath,  till  all  is  dissolved,  hot  water  being  added,  if  necessary. 
(Were  the  potash  now  in  excess,  the  whole  acid  would  be  decom- 
posed into  oxalic  and  carbonic  acids.)     On  cooling,  the  meconate 

(  2K  O 

of  potash.  Me  -]  tt  /^     crystallizes,   forming  a  semi-solid  mass, 

which  is  to  be  squeezed  out.  The  color  is  carried  oflf,  for  the  most 
part,  in  the  mother  liquor,  which  is  very  dark,  and  the  squeezed 
salt,  after  a  second,  or  if  necessary,  a  third,  solution  in  hot  water, 
crystallization,  and  squeezing,  is  snow-white.  This  pufified  meco- 
nate of  potash  is  then  acted  on  by  pure  hydrochloric  acid,  exactly  as 
recommended  for  the  meconate  of  lime,  and  after  the  third  opera- 
tion, yields  perfectly  pure  and  white  meconic  acid  in  beautiful 
silvery  scales,  which,  to  remoye  any  traces  of  the  acid  mother 
liquid,  adhering  to  them,  may  be  once  more  dissolred  in  the 


COHEKIO   ACID.  441 

smallest  posmble  quantity  of  hot  wat«r,  avoidiug  a  faeat  of  tlT', 
which  decomposes  the  acid  ;  the  pare  acid  is  deposited  on  coolingr, 
as  Me.  3  H  O  -H  6  aq. 

Meconic  acid,  when  gest1^  hcnted,  loses  6  eq.  of  water  of  crys- 
tnllization.  It  is  soluble  in  water  and  in  alcohol.  When  boiled, 
its  solution  becomes  colored,  producing  comenic  acid,  carbonic 
acid,  and  a  dark  brown  coloring-  matter.  If  boiled  with  hydro- 
chloric acid,  it  is  resolved  into  comenic  acid  and  carbonic  acid, 
without  the  production  of  coloring  matter.  When  the  dry  acid  is 
heated  to  2fiO°,  the  same  chan^  lakes  place.  When  heated  with 
excess  of  aqua  potassae,  meconic  acid  is  entirely  decomposed  into 
oxalic  acid,  carbonic  acid,  and  a  dark  coloring  matter.  Its  distin- 
guishing character  is  that  of  causing,  in  perealts  of  iron,  a  deep 
blood-red  color,  but  no  precipitate. 

It  forms  three  series  of  saitfi,  like  other  tribasic  acids.  Thus, 
there  are  three  meconates  of  potash  :  1.  Acid,  Me,  i  o  ii  f\  ■ 
S.  Keutral,  above  mentioned,  Me  ■)  ii  q  aq-  Both  of  these  crys- 
tallize. 3.  Tnbasic  Mc,  3  K 0.  This  is  yellow,  anddoesnotcrys- 
tallize.  There  are  also  three  meconates  of  soda ;  two  of  lime, 
acid  and  neutral  or  bibasic  ;  and  two  of  silver,  bibasic,  Me,  2  Ag 
0, HO.  and  tribasic.  Me,  3AgO.  The  raeconat«  of  peroxide 
of  iron  is  very  soluble,  of  an  intense  blood'rcd  color,  but  as  it 
cannot  be  obtained  pure  or  crystallized,  its  composition  is  sti)] 
unknown. 

8.  CoMEKic  Acid.    CnHi  Oi,9  H  0  =  Co,9  H  O. 

The  acid  is  formed,  as  above  described,  from  meconic  acid,  by 
the  action  of  heat,  or  of  heat  and  an  acid  combined.  1  eq.  dried 
meconic  acid,  Ci.  H  On  +  3  H  0  =  C,  H.  Oi.,  yields  1  eq.  comenic 
acid,  C,iHiO«.2HO.  and  2  eq.  carbonic  acid,  2  C  0  2.  The 
acid  is  readily  obtained  by  boiling  meconate  of  lime  with  an  excess 
of  diluted  hydrochloric  ticid.  It  is  deposited,  on  cooling,  in 
colored  crystals,  which  may  be  decolonzed  by  recrystallizaiion 
with  the  aid  of  animal  cbaroosl.  The  pure  acid  has  a  alight 
yellow  tinge,  and  is  very  sparingly  soluble  in  cold  water.  When 
healed,  it  is  resolved  into  carbonic  acid,  pyromeconic  acid,  and  K 
small  quantity  of  a  third  substance,  paracomenic  acid,  which,  in 
some  few  points,  differs  from  comenic  acid,  but  has  the  same  com- 
position, and  in  many  points  is  so  similar  that  it  may  possibly  turn 
out  to  be  essentially  the  same. 

Comenic  acid  forma  two  series  of  salts,  with  1  and  S  eq.  of 
fixed  base  respectively.  With  persalta  of  iron  it  forms  a  deep 
red  solution,  which  deposits  black  crystals  of  onknown  compo- 
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Pvromeconic  acid,  Cio  Hs  Os ,  H  0,  is  obtained  as  a  crystalline 
snblimate  bj  beating  meconic  or  comenic  acids.  In  fact,  1  eq. 
comenic  acid,  Cia  H4  Oio,  contains  tbe  elements  of  1  eq.  pyrome- 
conic  acid,  CtoH4  Oo,  and  2  eq.  carbonic  acid,  2  C  Os.  It  forms 
very  soluble  four-sided  prisms,  ratber  styptic  to  tbe  taste ;  Uie 
solution  of  whicb,  forms,  witb  persalts  of  iron,  a  crystalline  salt 
of  a  fine  red  color,  tbe  powder  of  wbicb  is  like  vermilion.  Tbis 
salt  is  Fes  O3  -|-3  C10H3  Os.  Pyromeconic  acid  is  so  feeble  an 
acid,  tbat  we  can  bardly  class  it  witb  acids.  It  bas  more  analogy 
with  sucb  bodies  as  acetone,  derived  from  acetic  acid,  as  pyrome- 
conic acid  b  from  meconic  or  comenic  acid.  It  bas  tbe  same  com- 
position as  pyromucic  acid. 

9.  Kiiiic  Acid.    Ct  H4  Oi  ,  2  H  O  1  or  Cm  Hii  On,  H  O  1 

This  very  remarkable  acid  occurs  in  cinchona  bark.  It  is 
obtained  in  tbe  manufacture  of  sulphate  of  quinine,  in  the  form  of 
kinate  of  lime,  from  which  the  lime  is  easily  separated  by  means 
of  oxalic  acid.  The  liquid  filtered  from  the  oxalate  of  lime  yields, 
on  evaporation,  tbe  kinic  acid  in  crystals.  Tbe  lime  may  also  be 
removed  by  sulphuric  acid,  and  any  adhering  sulphate  of  lime 
separated  by  alcohol. 

The  salts  of  kinic  acid  are  somewhat  anomalous.  Thus  there  is 
a  salt  of  lead,  Ct  H4  O4  3Pb  O,  and  a  salt  of  copper,  C?  H4  O4, 
Cu  0,  HO,  while  the  crystals  of  kinic  acid  are  C?  H§  Oc.  All 
this  would  lead  to  the  conclusion  that  the  acid  was  a  bibasic  one, 
Ct  H4  O4,  2  HO.  But  the  kinate  of  lime  and  the  kinate  of 
silver,  both  quite  neutral  salts,  are  CmHu  Oh,  Ca  O,  and  CmHu 
On,  Ag  0,  as  if  the  acid  were  monobasic,  CuHn  On,  H  O  =  Cm 
H12  O12.  If  we  assume  tbe  acid  to  be  quadribasic,  we  can  then 
bring  all  the  above  salts  into  one  series. 

Thus  :  Kinic  acid  would  be    Cm  H  s  O  • ,     4  H  O 
Kinate  of  lead,  CuHt  Os,     4  Pb  O 

Kinate  of  copper,        Cm  He  Os,  \^  ^^J^ 

(     PaO  +  lOaq. 
Kinate  of  lime,  Cm  Hs  Os,  J  ^  ^^ 

Kinate  of  silver,         Cm  He  Oe,  j  ^  ^^J^ 

But  the  objection  to  tbis  view  is,  tbat,  if  this  be  tbe  true  constitu- 
tion of  tbe  acid,  the  salts  of  lime  and  silver  ought  to  be  very  acid, 
instead  of  being  quite  neutral. 

PRODUCTS   OF  THE  DBC0MP08ITI0N   OF  KIHIO  ACID. 

When  kinic  acid  or  kinate  of  lime  is  distilled  witb  diluted  sul- 
phuric acid  and  peroxide  of  manganese,  there  is  obtained  a  new 
compound  called  kinone,  as  a  sublimate  of  fine  golden  yellow  crys- 
tals, soluble  in  water,  and  very  volatile,  having  a  pungent  smell  in 
tbe  state  of  vapor.    Tbeir  composition  is  Ck  H  •  0  • .    When  Mted 


on  by  redndng  ftgants,  it  takes  ap  2  and  4  eq.  of  bydrogen,  form- 
ing two  new  componnda,  ^reen  and  white  hydrokinone.  The 
green  hydrokinone,  CvHuOa,  is  one  of  the  most  beauUfol  com- 
pounds  known  to  chemUca,  forming  long  prisms,  of  the  most  bril- 
litut  gold-green  metallic  lustre,  surpassing  those  of  murexide  in 
beauty.  It  is  best  formed  by  adding  a  few  drops  of  sulphurous 
acid  to  a  solution  of  kinone.  When  an  excess  of  snlphnrous  acid  is 
used,  the  white  hydrokinone,  (^HiiOi,  is  formed,  which  crystal- 
lises in  six-sided  prisms.  When  acted  on  by  oiidiziDg  agents,  the 
solution  of  white  hydrokinone  becomes  dark  red,  near!^  black,  and 
almost  immediately  deposits  the  splendid  crystals  of  the  green 
compound.  The  latter  is  also  formed,  by  simply  mixing  solutions 
of  kinone  and  white  hydrokinone,  being  intermediate  between 
those  bodies.  Wiihler,  to  whom  we  are  indebted  for  most  of  our 
knowledge,  in  regard  to  these  very  curious  compounds,  has 
described  a  series  of  bodies  obtained  from  the  above  by  the  action 
of  hydrochloric  acid,  chlorine,  and  sulphuretted  hydrc^n.  Tita 
following  tabular  view,  contains  the  names  and  composition  of 
these  substances,  as  far  as  we  jet  know  them. 

Kinone Cw  Hi  Oi 

Green  hydrokinone C«  Hi«  Oi 

White  hydrohinone Cw  H«  O* 

Chlorohydrokinoae  .   .   .  .  Cn  j  pj  0« 

Chlorokinone '^"  I  hIT        *^' 

Brown  aulphohydrokinone,    Cu       Hu        Ot  9« 
YeUow  ditto  C>        Hii         Ot  Si 

Brown  chlorosulphokiuone.    Cm       Hi  CI  Oi  St  } 
Orange  ditto  Cv        Ht  CI  Oi  St  } 

It  will  be  observed  that  in  nil  these  formulse  the  carbon  remains 
unaltered,  and  that  several  are  instances  of  pure  substitution,  as 
C>Hi  Oi,  compared  with  C»  |  ^.'  0>,  and  Qb  H>i  Oi,  com- 
pared vrith  Cu  j  „!"  Oi.  We  can  also  sec  the  relation  of  the 
sulphohydroktnones  to  kinone  if  we  express  them  as  follows  :  Om 
Hi  I  g'  -f  3HS;  andCwHi  j  g'  +4H8. 

We  come  now  to  a  class  of  acids  of  very  distinct  and  peculiar 
characters ;  Uiose,  namely,  which  occur  as  the  chief  C(»isUtuents 
of  fat  oils  and  fats,  vegetable  or  animal.  Of  these  oily  acids  there 
are  two  kinds:  l.tiiose  which  are  volatile  and  usually  somewhat 
soluble  in  water ;  2,  those  which  have  more  the  character  of  the 
oils  and  fats  from  which  they  are  derived,  and  can  seldom  be  dis- 
tilled vrithout  deoompontion.  We  sh^  begin  with  the  volatile 
oUy  acids. 
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10.  BuTTEic  Acid.     CsHtOsjHO. 

This  acid  exists  in  small  proportion  in  butter,  in  the  form  of  a 
neutral  butjrrate  of  glycerine,  or  butyrine,  to  which  the  butter 
owes  its  peculiar  and  agreeable  flavor.  When  butter  is  saponified 
by  potash,  and  the  solution  of  the  soap  is  decomposed  by  tartaric 
acidf,  the  oleic  and  margaric  acids  are  separated  as  an  oily  stratum, 
while  three  or  four  volatile  acids  are  dissolved  in  the  water. 
These  are  butyric,  caproic,  capric,  and  caprylic  acids.  The 
butyric  acid  may  be  extracted  from  the  mixture ;  but  it  is  far 
better  obtained  by  the  fermentation  of  sugar.  When  sugar,  either 
cane,  grape,  or  milk  sugar,  is  mixed  with  cheese,  water,  and 
chalk,  and  kept  in  a  warm  place,  lactic  acid  is  at  first  formed, 
which  combines  with  the  lime.  But  if  the  fermentation  be  con- 
tinued at  a  pretty  high  temperature,  90°  to  100°  for  example,  the 
lactate  of  lime  disappears,  and  is  at  last  replaced  by  butyratc  of 
lime,  as  explained  under  the  head  of  butyric  fermentation.  This 
salt  is  now  distilled  with  diluted  hydrochloric  acid,  and  the  dis- 
tilled liquid  treated  with  chloride  of  calcium,  when  it  divides  into 
two  strata.  The  lighter  is  butyric  acid,  still  containing  water.  It 
is  rectified  until  the  boiling  point  rises  to  318°.  The  previous 
portions  contain  water ;  what  now  passes  is  pure. 

Bensch  recommends  to  convert  the  butyrate  of  lime,  by  the 
addition  of  carbonate  of  soda,  into  butyrate  of  soda,  and  to  mix 
the  solution  of  this  salt  with  sulphuric  acid  diluted  with  an  equal 
weight  of  water,  when  the  greater  part  of  the  crude  butyric  acid 
rises  to  the  surface,  and  may  be  removed  by  a  pipette.  The  acid 
solution  of  sulphate  of  soda,  being  distilled,  yields  an  additional 
quantity  of  diluted  butyric  acid,  which  is  saturated  with  soda,  and 
the  salt  decomposed  by  sulphuric  acid,  which  yields  a  second 
portion  of  crude  butyric  acid.  The  whole  of  the  crude  acid  is 
now  purified  by  rectification. 

It  IS  a  clear,  colorless,  mobile  liquid,  of  an  odor  resembling  that 
of  acetic  acid  and  that  of  butter.  An  intense  cold  solidifies  it.  It 
is  very  acid  and  corrosive.  Its  Sp.  G.  is  0-963.  It  dissolves  fats 
and  fat  oils. 

Chlorine  decomposes  butyric   acid,  producing  by  substitution 

two  acids,  Cg  j  ^j*^  O3,  H  0  ;  and  Cg  j  ^^^  O3.  HO.  The  lat- 
ter crystallizes  ;  and  both  form  volatile  fragrant  compounds  with 
oxide  of  ethyle.  • 

Butyrate  of  lime  is  remarkable  as  being  very  soluble  in  cold 
water,  but  separating  from  the  liquid  in  transparent  prisms  when 
it  is  boiled.  Butyrate  of  baryta,  when  placed  on  the  surface  of 
water,  exhibits  the  same  motions  as  camphor.  Butyrate  of  oxide 
of  ethyle  or  butyric  ether,  Ae  0,  Ci  H7  O3,  is  formed  with  sin- 
gular facility  by  the  mere  mixture  of  alcohol  and  butyric  acid  with 
water  and  sulphuric  acid.    It  rises  to  the  surfiEU^  as  a  veij  mobile 


BUmAHIDB. BUTTBOHG.  445 

liquid,  of  ui  odor  somewhat  simil&r  to  that  of  pine-apples.  It  is 
verj  soluble  in  alcohol.  Tliis  ether  is  employed  to  flavor  spirits : 
and  there  is  reasoa  to  believe  that  the  peculiar  flavor  of  rum 
depends  on  the  presence  of  a  little  butyric  ether.  Butyrate  of 
oxtde  of  methj^le  is  quite  analogous.  Butyrate  of  oxide  of  glycerjrle  » 
or  butyrine  exists  iu  butter,  and  is  supposed  to  be  capable  of  being 
formed  artiScally,  by  warming  a  mixture  of  butyric,  glycerine, 
and  suiphnric  acid.  If  the  oil  thus  fonned  is  really  butyrine,  it 
will  be  the  first  example  of  a  compound  of  glycerine  formed  or 
reproduced  artifically. 

Butyramide,  Ci  Ht  Oi  4"  NHi ,  is  fonned  when  liquid  ammo- 
nia acts  on  butyric  ether  t  Ae  O,  C.  Ht  Oj  +  NHs  =  Ae  0, 
HO  +  C.  H,  0.,NH..     It  cryslalliiea  in  r>early  scales. 

Butyrone.  Ct  Hi  0,  analogous  to  acetone,  is  formed  along  with 
carbonate  of  lime,  when  butyrate  of  lime  is  distilled.  Ct  Ht  Os, 
Ca  O  =  Ct  Hi  0  +  Ca  O,  C  Oi .  By  the  action  of  nitric  acid, 
butyrone  is  converted  into  two  new  compounds  ;  one,  an  ethere^ 
fragrant  liquid,  lighter  than  water,  the  composition  of  which  is 
not  yet  known:  the  other,  an  oily  liquid,  heavier  than  water,  of 
an  aromatic  smell  and  a  sweet  taste,  which  is  an  acid,  nitrobutyric 
or  butyronitric  acid.     It  is  formed  by  substitution  of  N  O4  for  H ; 

^'  I  NO  0,  SHO&omCiHT  O.  It  forms  crystalliiable  salts, 
and  is  bibasic,  yielding  two  salts  with  oxide  of  silver,  with  I  and  2 
eq.  of  that  oxide  respectively. 

By  distillation  with  perchloride  of  phosphorus,  butyrone  is  con- 
verted into  an  ethereal  liquid,  chlorohutyrene,  Uie  composition  of 
which  iyCuHii  CI. 

The  caproic,  caprio  and  caprylic  acids  found  in  butler,  are 
very  analogous  to  butyric  acid,  but  are  not  yet  so  well  known. 
Caproic  acid  is  On  Hu  Oa,  H  0.  Its  odor  is  like  that  of  sweat, 
Caproate  of  oxide  of  ethyle  has  an  odor  somewhat  analogous  to 
that  of  butter.  CapricacidisCsHnOi,  HO.  It  is  very  analogous 
to  the  preceding,  but  its  odor  is  more  like  that  of  the  goat.  Capry- 
lic acid  is  Cm  Hit  Oa,  H  0,  and  it  is  very  analogous  to  the  others. 

It  occasionally  happens  that  butter,  instead  of  yielding  a  mixture 
of  volatile  oily  acids,  of  which  butyric  and  caproic  acid  constilnte 
the  principal  part,  gives  a  mixture  devoid  of  these  acids,  but  con- 
tainmg  in  their  place  another  acid,  vaccinic  acid,  which  is  easilr 
transformed  into  the  other  two.  There  can  be  no  doubt  that  it 
contains  the  elements  of  butyric  and  caproic  acids,  Ci  Ht  Oj,  H  0 
+  Ci<H..0j,H0  =  0^0100.,  or  possibly  C«Hi.  Ot  =  C»Hi. 
0«,  H  0.  In  the  latter  case,  it  would  require  1  eq.  of  water  to 
yield  the  other  acids.  As,  however,  the  solution  remains  neutral 
when  vaccinic  acid  passes  into  c«)roia  and  butyric  acids,  it  is  most 
pivbably  bibasic,  CwHa  Ot,  2  HO,  and  is,  in  UtA,  the  sum  of  the 
other  two.     The  caiue  of  its  oocnrrence  is  unknown. 
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(Enanthylic  acid,  Cu  HisOs,  HO,  is  formed  by  the  action  of 
nitric  acid  on  castor  oil,  and  has  lately  been  detected  by  Redten- 
bacher  among  the  products  of  the  action  of  nitric  acid  on  oleic  acid, 
along  with  acetic,  metacetonic,  butyric,  valerianic,  caproic,  capry- 
i  lie,  pelargonic  and  capric  acids,  ail  belonging;  to  the  series  repre- 
sented as  hydrates  by  (CH)  n  +  O4,  of  which  a  table  has  been 
given  at  p.  259. 

This  acid,  in  composition,  as  well  as  in  properties,  is  exactly 
intermediate  between  caproic  and  caprylic  acids. 

(Enanthole.  —  Accordmg  to  Bussy,  when  castor  <m1  is  distilled, 
there  is  formed  a  neutral  oil,  which  he  calls  oenanthole,  the 
formula  of  which  is  Cm  His  O,  H  O,  and  which  bears  to  oenanthy- 
lie  acid  the  same  relation  as  aldehyde  to  acetic  acid.  It  may  also 
be  viewed,  doubling  its  formula,  as  a  compound  of  cenanthylic 
acid  with  the  oxide  CuHtsO,  (analogous  to  oxide  of  ethyle),  and 
in  this  view  it  corresponds  to  acetic  ether,  which  is  polymeric 
with  aldehyde  ;  thus,  2  Ch  His  0,  H  O  =  Cu  His  0  +  Cu  His  O3 . 
Cetine  (spermaceti)  is  an  analogous  compound,  being  either,  as 
formerly  explained,  cetylate  of  oxide  of  cetyle,  CW  Has  0  4~  CssHsi 
O3 ,  or  Ca  Hsi  0,  H  O,  analogous  to  aldehyde.  In  the  cases  of 
cenanthole  and  cetine,  as  only  one  compound  is  known,  we  cannot 
with  certainty  say  whether  the  known  compound  corresponds  to 
aldehyde  or  to  acetic  ether  ;  but  it  is  hifi;hly  probable  that  in  the 
case  of  all  the  acids  of  the  series  (C  H)  n  +  O4,'  both  the  com- 
pound analogous  to  aldehyde,  and  that  analogous  to  acetic  ether, 
are  capable  of  existing.  The  following  comparison  will  show  the 
analog : 

Adds.  Aldehydes.  Sthers. 

Acetic,  C4  Hs  Os,  H  O  ;  C«  Hs  O,  H  O  ;  C4  Hs  O,  Cs  Hs  Os  ; 

GEnanthylic,CuHoOs,HO;  CwHisO,HO?  CuRwOjCuHoOs  1 

> ^ / 

(Bntnthoto. 

Cetylic  Cs2  Hsi  Os,  H  O  ;  Css  Hsi  O,  H  01  Cm  Hss  O,  Csi  Hsi  Os  1 

> ^ f 

Cetine. 

It  will  be  observed,  that  the  compounds  in  the  seccmd  and  third 
columns  are,  in  each  case,  polymeric. 

Pelargonic  acid,  CisHnOs  HO.  This  acid,  which  belongs  to 
the  series  above  mentioned,  and  stands  between  caprylic  and 
capric  acids,  is  said  to  occur  in  the  juice  of  pelargonium  roseum, 
and  was  found,  by  Redtenbacher,  among  the  products  of  the 
oxidation  of  oleic  acid  by  nitric  acid.    It  is  little  known. 

Hircic  acid  is  probably  a  mixture  of  capric  and  caprylic  acids. 
Phocenic  acid,  found  in  small  quantitv  in  the  oil  of  the  dolphin, 
4c.,  has  been  found  to  be  identical  with  valerianic  acid. 

Oevadie  add  is  a  ciystaUine  volatile  add,  obtained  from  the 
seeds  of  verairvm  mbmiiUa :  oompoaition  unknown. 
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Tenttrio  acid  is  cootnined  in  the  same  seeds.  It  is  solid,  erja- 
talliiable,  androlatile.  Its  formula  is  CaH>  Ot,  HO.  It  forms 
a  crystolliDB  ether  mlb  oxide  of  ethyls  ;  Ae  0,  Cia  H«  Ot. 

Orotonie  at^d  is  anotber  solid  volatile  acid,  found  in  the  seeds  of 
CTOttM  tiglwm.  It  has  a  pungent,  acrid  taste,  and  a  nanseotu 
smell.     It  forUB  ci^Btallizable  salts. 

II.  Camphobic  Acid.  CioHt  0),H  0  =  Ca,HO. 
This  acid  is  formed  by  the  action  of  utric  acid  on  camphor.  It 
forms  crystalline  scales,  sparingly  soluble  in  oold  water,  very  solu- 
ble in  alcohol  and  ether,  fusible  at  158°.  These  are  the  hydrated 
acid,  which,  if  distilled,  is  resolved  into  water  and  anhydrous 
camphoric  acid.  The  camphorates  are  not  peculiarly  interesting. 
With  oxide  of  ethyle,  camphoric  acid  forms  two  compounds:  t. 
Neutral,  or  camphoric  ether,  Ca,  Ae  0,  an  orly  liquid,  of  a  bitter 
taste  and  nauseous  smell.  2.  Acid,  S  Cu,  Ae  0,  H_0,  also  called 
camphoviiiic  acid,  as  it  forms  double  salts,  2  Ca,  Ae  O,  M  0. 
When  chlorine  acta  on  camphoric   ether,  Ca,  Ct  Hi  0,  it  gires 

rise  to  the  compound  Ca,  C«   j  p,  0. 

Anhydrous  camphoric  acid,  CbHt  O],  forms,  with  bases,  salti 
different  from  those  formed  by  the  hydrated  acid.  It  is  probable 
that  it  still  retains  some  water  replaceable  by  bases,  bemg-  per- 
haps C»Ha  Oi,  HO  ;  or  it  may  differ  from  ordinary  camphorio 
acid  as  metaphosphoric  acid  does  irom  common  phosphoric  acid. 
It  is  solid,  cryatalline,  and  volatile,  and  with  dry  ammonia  forma  a 
compound  from  which  potash  disengages  no  ammonia:  with 
liquid  ammonia  it  yields  a  salt  different  from  camphorate  of 
ammonia.  Its  action  on  oxide  of  ethyle  has  not  been  studied  ;  but 
the  subject  deserves  investigation. 

By  the  action  of  sulphuric  acid  on  anhydrous  camphoric  acid, 
there  is  formed,  with  disengagement  of  carbonic  oxide,  a  new  acid, 
sulphocamphoric  acid  (Ct  Hi  d,  S  Oi )  H  0  +  S  aq.  This  acid 
is  crystal! izable,  and  forms  crystalliEable  salta  of  the  formula  (Ci 
H,  O.,  S  Oi  J  M  0  =  C.  H,  S 0.,  M O. 


There  are  two  kinds  of  camphor :  that  of  Japan,  or  commca 
camphor,  CnHi  0;  and  that  ol  Borneo,  CmH>  O,  or  CkHkOi. 
The  properties  of  common  camphor,  and  its  peculiar  smell,  ar^ 
well  known.  Its  Sp.  G.  is  0985  to  0996  ;  it  is  very  volaUle, 
evaporating  at  ordinary  temperatures.  Small  fragments  of  cam- 
phor, on  the  surface  of  water,  evaporate  more  rapidly,  with  rotatory 
movements.  It  disaolvea  in  alcohol,  and  is  precipitated  by  water, 
Wheti  distilled  with  anhydrous  phosphoric  a^d,  it  yields  a  carbo- 
bydrogen,  called  camphogen,  CmHu. 
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When  camphor  is  passed  in  vapor  over  a  heated  mixtHre  of 
hydrates  of  potash  and  lime,  it  yields  a  new  acid,  camphpUc-  acid, 
CioHi?  Oa,  H  O.  Nitric  acid,  witli  the  aid  of  heat,  coBVerts  oam- 
phor  into  camphoric  acid.  The  essence  or  oil  of  camphor  of 
commerce  is  Cm  Hie  O  =  2  eq.  camphor  minus  1  eq.  oxy^gen. 

Borneo  camphor  occurs  in  small  crystalline  fragments.  Its 
odor  is  different  from  that  of  common  camphor.  I  find  that,  if 
wrapped  in  paper,  a  distinctly  alliaceous  odor  traverses  the 
paper,  and  may  thus  be  detected.  Heated  with  phosphoric  acid, 
It  yields  a  carbo-hydrogen,  CmHis  ;  and  this  is  also  tne  composi- 
tion of  the  essence  which  accompanies  Borneo  camphor.  This 
essence  is,  therefore,  Borneo  camphor,  CjoHttOa»  minus  2  eq. 
water. 

Common  camphor  is  produced  by  the  laurua  campkora  ;  Borneo 
camphor  is  the  produce  of  dryobalanopa  camphora,  and  is,  for  some 
unknown  reason,  so  highly  prized  by  the  Japanese,  that  it  is  not 
found  in  the  markets  of  Europe. 

Campho^en,  Q»  Hu,  is  the  name  given  to  the  carbo-hydrogen 
obtained  when  common  camphor  is  distilled  with  dry  phosphoric 
acid.  It  occurs  naturally  in  the  oil  of  cumin.  When  acted  on 
by  sulphuric  acid,  it  forms  a  new  acid,  sulphocamphic  or  hyposul- 
phocamphic  acid,  CaoHuSa  Os,  H  0. 

When  camphor  is  passed  over  red-hot  lime,  another  new  com- 
pound is  formed,  namely,  camphrone,  CsoHat  0  =3  (CioHt  O) 
—  Hs  +  0».  At  a  white  heat  camphor  yields  naphthaline,  car- 
buretted  hydrogen,  and  carbonic  oxide.  4  eq.  camphor  contain 
the  elements  (C40HS2O4)  of  1  eq.  naphthaline,  CioHt  ;  olefiant 
gas,  2  C4  H4  ;  marsh  gas,  8  C  H,  and  carbonic  oxide,  4  C  0. 

12.  Valkbianic  Acid.    CioHflOs,HO  =  Va,HO. 

This  acid  has  already  been  mentioned  as  produced  from 
hydrated  oxide  of  amyle.     It  also  occurs  in  the  root  of  valerian. 

It  forms  two  hydrates,  Va,  H  0,  and  Va,  H  0  +  2  aq. 

The  general  formula  of  the  valerates  is  Va,  M  0.    Valerate  of 

oxide  of  ethyle,  Va,  Ae  0,  is  an  oily  liquid,  of  a  smell  like  that 
of  fruits  and  that  of  valerian  at  the  same  time. 

By  the  action  of  chlorine,  valerianic  acid  yields  two  new  acids  : 

1.    Chlorovalerisic   acid,   Cio  -J  J^  Oa.HO.     2.  Chlorovalerosic 

acid,  Cio  j      '  Oa,  HO.     Botn  these  compounds  are  formed  by 

substitution  without  change  of  type. 

When  valerate  of  lime  is  distilled,  it  is  said  by  LOwig  to  yield  a 
volatile  oily  compound,  valerone,  C9  Ht  0  =  CioHt  O9  —  C  Oa. 

13.  Avisio  Acid.    CuHt  Os^H  O. 

This  acid  is  obtained  when  the  ooncrete  essence  of  aniseed  is 
acted  on  by  nitric  acid.    It  is  crystadlisable  and  volatile,  and  forma 


cmnNKi  ACID.  4W 

,  1^^  which  cmUlliie  readilv.     When  heated  with  so  exceM  of 
•baijtai.  't  yields  sn  oily  liqnia,  called  anisole. 

TSie  piwlonged  action  ot  nitric  acid  on  the  concrete  esaence  of 
%nise  produces  anotfiJlr  acid,  nitro-anisic  acid,  in  small  yellow 
c'rystala.'  Ita  formnla  is  C»H.  N  O.,  H  0  =  On  |  Sj,  Of, HO. 
It  is  now  found  to  be  identical  with  niLrodraconio  acid. 
■  Anisde,  the  .product  formed  when  anisic  acid  ia  heated  with 
baiyta,  is  composed  of  CuHt  0>  =  CmH*  Oi.HO  — SCOi. 
It  la  formed,  also,  when  the  salicylate  of  oiide  of  methyle  is 
heated  with  baryta.  Bj  the  action  of  bromine,  Rnisole  gives  rise 
to  two  new  pnjdacts,  in  which  1  and  2  eq.  of  hydrogen  are 
respectively  replaced  by  bromine;  Ck  <  g'  0>,and  Cu  -j  ■^ 
Oi.  The  latter  is  crystalline.  Nitric  acid  acts  violently  on 
anisole,  forming  a  crystalline  mass,  which  dissolves  in  aleoholt 
with  a  rich  green  color,  but  is  deposited  in  colorless  needles,  cor- 
responding to  one  of  the  bromine  compounds.  Fuming  sulphnrie 
acid  dissolves  anisole,  producing  two  compounds  ;  one,  insoluble 
in  water,  analogous  to  sulpliobensine  :  the  other,  soluble,  an  acid 
analo^;ouB  to  sulphovinic  acid  :  2  S  Oj  +  C«  Hi  Oi ,  H  0. 

Anisole,  CmHt  Oi,  contains  1  eq.  of  hydrogen  more  thao 
hyduret  of  benioyle,  CtiHi  Oi,  H. 

14.  (Ekabthic  Acid.    Ch  Hij  Oi  ,  H  O. 

This  Bcid,  in  combination  with  oxide  of  ethyle,  forming  cenanthio 
etber,  is  found  in  wine,  in  the  oil  of  grain  spirit,  and  in  some  other 
fermented  liquors.  It  is,  as  lenEinthic  ether,  the  cause  of  that  pecn- 
liar  odor  of  wine  which  adheres  so  remarkably  to  vessels  in  which 
wine  has  been  kept,  and  enables  us  at  once  to  say  that  an  empty 
bottle  or  cask  has  contained  wine.  To  obt^n  the  acid,  the  ether 
is  decomposed  by  caustic  potash,  and  the  cenanthate  of  potash  dis- 
tilled with  dilute  sulphuric  acid.  The  hydrated  acid  is  semisolid 
like  butter,  and  is,  in  fact,  a  fat  oil,  insoluble  in  water,  soluble  in 
alcohol  and  ether. 

Of  its  salts,  the  cenanthate  of  oxide  of  ethyle,  oenanthtc  ether,  is 
best  known.  It  is  a  colorless  liquid,  of  a  peculiar  vinous  smell, 
which,  when  strong,  has  a  stupiiying  effect.  When  hydrat«d  cenaa- 
tbic  acid  is  distilled,  it  yields  water,  and  anhydrous  acid,  more 
solid  than  the  hydrate. 

16.  RoccELLic  Acid.    Cit  Hh  Oa ,  H  O  1 

This  acid  occurs  in  roeella  tinetoria.     It  is  crystal lizable,  insolu- 
ble in  water,  soluble  in  alcohol  and  ether.     It  has  most  of  the  pro- 
perties of  a  fat  a«d,  and  its  salts  with  the  alcalies  resemble  soaps. 
IB.  CdmiitioAcid.    CwHiiOj.HO. 

This  acid  is  formed  from  the  essential  oil  of  cumin  by  oxidation 
with  hydrated  alcalies.     It  forms  tabular  crystals  of  singolar 
3R 
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beauty.  It  is  fusible  and  volatile,  insoluble  in  cold  water,  soluble 
in  alcohol  and  ether.  When  heated  with  caustic  baryta,  it  yields 
a  carbo-hydrogen,  analagous  to  benzole,  which  is  called  cumene. 

It  forms  well-defined  salts  with  bases.  Cuminate  of  oxide  of 
ethyle,  formed  by  passing  hydrochloric  acid  gas  through  a  solution 
of  cuminic  acid  in  alcohol,  is  an  ethereal  liquid,  of  a  fragrant  smell 
like  that  of  apples. 

Cumene,  obtained  by  heating  cuminic  acid  with  bartya,  is  a 
colorless  liquid,  of  a  sweet  smell.  It  is  formed  from  cuminic  acid. 
Cm  His  O4,  by  the  loss  of  2  eq.  carbonic  acid,  exactly  as  benzole 
is  formed  from  benzoic  acid ;  and  its  formula  is  consequently  Cis 
Hh.  Both  nitric  and  sulphuric  acid  act  on  it  and  form  new  com- 
pounds, not  yet  fully  examined.  That  formed  by  sulphuric  acid  is 
an  acid,  sulphocummic  acid,  Cis  Hit,  Sa  Os  -f-  H  O. 

Elssence  of  cumin  (cuminum  cyminttm)  contains  two  oils  :  1. 
Ouminole,  C»  Hu  Oa ,  which  is  the  true  oil  of  cumin,  analogous  to 
byduret  of  benzoyle ;  2.  Cymene,  0»  Hm,  isomeric  with  campho- 
gen.  It  is  aB  oil  of  an  agreeable  odor  of  lemons.  Tho  oil  is  acted 
on  by  nitric  and  sulphuric  acids,  which  produce  two  new  acids. 
That  formed  with  sulphuric  acid  is  0»  H»,  4~  &  Oi,  H  O. 

Cuminole,  CaoHuOa,  may  be  viewed  as  analogous  to  hyduret 
of  benzoyle,  in  which  case  it  becomes  On  Hu  Oa  +  H,  the  hyduret 
of  a  new  radical,  cumyle.  Cuminic  acid  then  becomes  CvHn  Oa, 
O  +  H  O,  analogous  to  benzoic  acid.  Chlorine  acts  on  hyduret 
of  cumyle,  producing  a  compound,  C20  Hu  Oa,  CI,  which  is  chloride 
of  cumyle.  Adopting  the  symbol  Cm  =  Cio  Hu  Oa ,  we  have  Cm 
H,  CmO+HO,  and  Cm  CI,  analogous  to  BzH,  BzO+HO, 
and  Bz  CI. 

17.  Eugenic  Acid.     C»  His  O4  ?  or  Cao His Oi  1 

This  acid  is  found  in  cloves,  along  with  a  neutral  oil,  CioHt,  or 
Cn  Hi«.  The  latter  is  separated  by  potash,  and  the  eugenic  acid 
obtained  by  distilling  the  salt  of  potash  with  dilute  sulphuric  acid. 
It  is  an  oily  liquid,  of  Sp.  G.  1-079,  having  the  strongest  odor  of 
cloves.  It  forms  crystallizable  salts  with  bases,  and  among  them 
an  acid  salt  of  potash,  2  C«Hia04  +KO  +  HO? 

Cloves,  likewise,  contsdn  two  crystallizable  compounds  :  1.  Ca- 
ryophylline,  which  forms  yellow  prisms ;  of  the  formula  Cio  Hie 
Oa,  an  oxide,  therefore,  of  the  neutral  oil  of  cloves.  2.  Eugenine, 
which  forms  yellow  pearly  scales,  the  composition  of  which  is  the 
same  as  that  of  eugenic  acid. 

18.  CociNic  Acid.     Cm  H»  O  3 ,  H  O. 

This  acid,  the  first  of  the  proper  fat  acids  which  we  have  come 
to,  is  found  in  the  butter  of  the  cocoa-nut  combined  with  glycerine. 
The  butter  is  saponified  by  potash,  and  tlie  soap  produced  is 
decomposed  by  a  mineral  aeia,  when  the  &tly  acid  rises  to  the 


PAJLMinO   AODB.  451 

tnrfiuse.  It  is  purified  by  being  again  aqxmified,  and  finally  by 
erystalliiatioii  in  aloohol.  It  fonns  snow-white  crystalline  sfrnJes, 
fusible  at  95°,  and  volatile.  The  salts  of  this  acid  with  the  aioalies 
are  soaps  like  those  of  all  fatty  acids.  Cocinate  of  oxide  of  ethyle 
is  a  colorless  ether,  with  a  very  fra^rrant  smell  of  apples.  Cooinic 
acid  belongs  to  the  series  (CH)n-f'04. 

19.  Mtristic  Acip.    Cts  Hti  Oa ,  H  O. 

This  acid,  which  also  belongs  to  the  series  (CH)n-f-04,  is 
found  combined  with  glycerine,  as  a  £at  or  butter,  in  the  berries 
of  rnyrittica  moschata  or  nutmeg.  There  are  two  fats  in  the  seeds, 
one  red  and  unctuous,  the  other,  myristine,  white,  and  crystalline. 
It  is  easily  purified  by  dissolving  it  in  hot  alcohol,  in  which  it  is, 
like  the  cocmate  of  glycerine,  v6ry  soluble.  On  cooling,  the  pure 
myristine  or  myristate  of  glycerine  is  deposited  as  silky  needleSy 
which  being  saponified  by  potash,  and  the  soap  decomposed  by  aa 
acid,  yield  myristic  acid.  The  add  is  purified  by  means  of  akohoL 
It  melts  at  118°,  and  is  decomposed  by  distillation. 

The  salts  of  this  acid  with  tne  alcalies  are  soaps,  very  soluble 
in  alcohol ;  and  their  aqueous  solutions  do  not  become  viscid  or 
ropy  when  concentrated.  Myristate  of  oxide  of  ethyle  is  a  color- 
less oil.  Myristate  of  oxide  of  glyceryle  or  myristine  is  purified 
as  above  described.  It  is  a  beautifully  crystalline  fat,  melting  at 
88°.  It  is  saponified  with  difficulty,  and  only  by  fusion  with  solid 
potash.  It  does  not  appear  to  contain  ordinary  glycerine  :  at  least 
Its  formula  would  indicate  a  glycerine  composed  of  Ca  Ha  0* 
This  point  is  at  present  very  obscure. 

The  formula  of  hydrated  oenanthic  acid,  doubled,  or  0»  Has  Ot, 
contains  2  eq.  of  oxygen  more  than  1  eq.  of  hydrated  myristic 
acid,  C28lLu04  ;  or  the  formula  of  drv  oenanthic  acid  doubled, 
C89Hm04,  contains  1  eq.  of  hydrogen  less  and  1  eq.  of  oxygen 
more  than  dry  myristic  acid.  Cm  HsrOa. 

20.  Palmitic  Acid.    CsBHaiOa,HO. 

This  is  the  principal  fat  acid  of  palm  oil.  It  is  extracted  by  the 
usual  process  for  fatty  acids,  and  purified  from  oleic  acid  by  crys- 
tallization in  alcohol.  It  forms  brilliant  scales,  similar  to  margaric 
acid,  and  melting  at  the  same  point,  140°,  as  that  acid.  It  may 
be  distilled  in  great  part  unchanged.  Chlorine  decomposes  it, 
giving  rise  to  new  compounds. 

The  salts  of  this  acid  with  the  alcalies  are  soaps,  and  palm  oil 
is  much  used  in  soap-making.  Palmitate  of  glycerine,  or  pal- 
mitine,  is  the  fat  or  butter  of  the  palm  oil,  purified  from  the  oleine 
or  liquid  part,  by  pressure,  and  then  by  crystallization  in  ether. 
It  melts  at  n  8°,  and  on  cooling  assumes  the  aspect  of  wax. 
Like  myristine,  it  appears  to  contain  the  modified  glycerine 
Ca  Ha  O,  or   oxide   of   lipyle,   which   is   C«  Ht  Os  —  3  H  O  ; 
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tbat  is,  glycerine,  minus  3  eq.  of  water,  and  divided  by  2. 
Pore  palmitine  (as  also  pure  myristine),  when  distilled,  yields 
aoroleine,  derived  from  the  glycerine  ;  but  no  sebacic  acids.  The 
emde  palm  oil,  or  impure  palmitine,  however,  yield  abundance  of 
sebacic  acid,  a  compound  derived  from  oleic  acids,  and  proving, 
therefore,  the  presence  of  oleic  acid  or  rather  oleine. 

21.  Cettlic  Acid.     CszHsiOajHO. 

Stk.  EUiolic  Acid,  —  This  acid,  which  is  isomeric  with  the  pre- 
ceding, is  formed  when  ethal  (hydrated  oxide  of  cetyle)  is  heated 
with  hydrates  of  lime  and  potash,  or  when  cetine  (spermaceti, 
ceiylate  of  oxide  of  cetyle)  is  fused  with  potash,  and  the  cetylate 
of  potash  decomposed  by  a  stronger  acid.  It  belongs  of  course, 
wilt  the  precedincr  acid,  to  the  series  (CH)n-{~04.  It  is 
separated  as  usual  m  the  case  of  fatty  acids.  It  is  a  solid,  fusible 
between  130*^  and  140^,  and  at  131 '^  solidifying  in  radiated  groups 
of  needles.  It  may  be  distilled  unaltered.  Its  salts  are  like  those 
of  the  preceding  acids. 

33.  Maroaric  Acid.    C94  Hs  Oa  HO;  or,  C« Hm  0<, 3  H  O. 

This  is  one  of  the  most  abundant  and  important  of  the  fatty 
acids.  Combined  with  glycerine,  or  margarine,  it  occurs  in  human 
fiat  and  some  other  animal  fats,  and  in  many  vegetable  fats,  such 
as  olive  oil.  The  acid  may  be  extracted  from  soap  made  of  these 
fats,  but  as  it  is  mixed  with  much  oleic  acid,  it  is  better  to  prepare 
it  by  oxidizing  stearic  acid  (see  below)  by  nitric  acid,  or  by  dis- 
tilling either  tallow  or  crude  stearic  acid.  In  the  latter  case,  the 
product  is  well  squeezed  and  purified  by  solution  in  alcohol,  and 
ciTStallization.  If  prepared  from  pure  stearic  acid  by  nitric  acid, 
it  18  pure  from  the  first.  It  belongs  to  the  series  (C  H)  n  +  O4, 
and  It  is  probably  in  consequence  of  its  composition,  that,  like  the 
other  acids  of  that  series,  it  is  volatile  without  decomposition. 

Margaric  acid  is  a  white  solid  fat,  of  distinct  acid  properties, 
fusible  at  140^,  very  soluble  in  hot  alcohol  and  in  ether.  It 
instantly  combines  with  bases,  decomposing  the  carbonates  and 
forming  perfect  soaps  with  potash  and  i^a.  The  neutral  margar- 
ates  of  potash  and  soda  are  decomposed  by  the  addition  of  much 
water,  dejpositing  the  acid  margarates  in  pearly  scales.  Margarate 
of  glycerme,  or  margarine,  is  found  pure  in  the  solid  part  of 
human  fat  or  of  olive  oil.  It  dissolves  in  hot  alcohol,  and  crys- 
tallizes on  cooling.  Margarate  of  oxide  of  ethyle  is  a  white  fusi- 
ble solid. 

The  general  formula  of  the  neutral  margarates  is  Csi  Has  Oa  M 
0,  or  Cn  Hee  O0,  2  M  0.  We  cannot  say  with  certainty  whether 
margaric  acid  is  unibasic,  as  the  first  of  these  formulse  would  indi- 
cate, or  bibasic,  according  to  the  second.  We  shall  return  to  this 
point  after  describing  stearic  acid,  and  we  shall  also  then  describe 
the  action  of  heat  on  both  acids. 
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23.  SxEAaic  Acid.     CMHaOi.aH  0  =  St,aH  O. 

Thia  is,  perhaps,  the  moat  important  and  moat  abundant  of  the  fatty 
acids.  It  exists,  in  combioation  with  glycerine,  as  stearine  in  beef 
and  mutton  fat,  and  in  several  vegetable  faU,  such  as  the  butter 
of  cacao.  To  obtain  it,  mutton  suet  is  Baponilied  by  boiling  with 
potash,  and  Che  purified  soap  decomposed  by  an  acid,  when  a  mix- 
ture of  stearic  and  oleic  acids,  the  latter  in  small  proportion,  rises 
to  the  surface.  It  is  strongly  pressed  between  warm  plates,  so  ai 
to  get  rid  of  Che  oleic  acid  in  great  pari,  and  it  is  finally  puriUed  by 
solution  in  hot  alcohol,  and  crystal  I  ieacion,  repealed  till  iis  melting 
point  is  constant  nC  167°.  Or  the  stearic  acid  of  commerce,  which  is 
nearly  pure,  may  he  purified  by  means  of  alcohol.  Or  ngun, 
tallow  may  be  mixed  with  half  ils  weight  of  oil  of  vitriol,  and  the 
mass  melted  in  hot  wat^r,  which  removes  a  compound  of  sulphuric 
acid  with  glycerine,  while  the  stearic  acid  rises  to  the  surface,  and 
is  to  be  purified  as  above.  Finally,  pure  stearine,  if  saponified, 
and  the  soap  acted  on  by  an  acid,  yields  at  once  pure  stearic  acid. 

Stearic  acid  is  a  white  solid,  fusible  at  167°,  and  on  cooling, 
forming  brilliant  white  needles.  It  may  be  reduced  to  powder, 
and  is,  like  all  fat  acids,  insoluble  in  water,  soluble  in  alcohol  and 
ether.  It  bums  like  wax,  and  is  used  in  the  formation  of  improred 
candles. 

By  the  action  of  nitric  acid  and  other  oiidiEing  agents,  stearic 
acid  is  at  once  converted  into  margaric  acid,  and  it  will  be  seen 
that  the  addition  of  1  eq.  oxygen  is  sufficient  to  effect  this  change. 
OuH>0>,  2  H  0  +  0— C«  H«  0,.  2  H  0. 

Stearic  acid  is  bibasic,  and  forms  two  series  of  sails  ;  St  2  U  0, 
and  St,  MO,  HO.  The  neutral  stearntes  of  the  alcalies  are  perfect 
soaps.  They  dissolve  in  from  10  to  20  parts  of  hot  water,  and  the 
addition  of  a  large  quantity  of  water  decomposes  them  into  and 
stearsCes  which  are  deposited,  and  basic  stearates  which  remain 
dissolved.  For  the  same  reason,  a  hot  solution  of  a  neutral  atearale 
becomes  gelatinous  on  cooling,  from  the  separation  of  the  acid  salt. 
Acid  stearate  of  oxide  of  etnyle,  St,  Ae  OHO.  and  neutral  stear- 
ate  of  the  same  base.  St,  2  Ae  0,  are  both  while  crystalline  fusible 
solids ;  as  is  likewise  the  stearate  of  oxyde  of  methyle,  St,  2  Mt  0. 

Stearine,  the  chief  ingredient  of  suet  end  tallow,  appears  to  be 
the  acid  stearate  of  oxide  of  glycerile,  but  its  precise  formula  can- 
not be  determined  as  long  as  we  are  doublful  about  that  of  glyce- 
rine. If  glycerine  beCs  Hi  0,  then  stearine  will  be  CeiHwDt  -I- 
Cj  Hj  O  +  2  H  O  —  St,  Gly  0,  2  H  0  :  but  if  stearine  be  C.  Ht 
0.,the  formula  will  be  2(C»Hn0.i)  +  GlyO -fZHO,  (using 
the  older  formula  for  stearic  acid.)  Neither  of  these  forraulie  is 
satisfactory,  as  both  exhibit  three  eq.  of  base  and  basic  water,  in- 
stead of  two  or  four.  When  boiled  with  alcalies,  slearine,  like  all 
other  fats,  is  saponified :  that  is,  the  stearic  acid  combines  with  the 
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alcali,  forming  soap,  and  glycerine  is  separated.  Pure  stearine  is 
obtained  by  pressing  tallow  oetween  bot  plates,  and  afterward  dis- 
solving in  hot  etber,  wbich  on  cooling  deposits  the  stearine.  It  is 
like  wax  when  it  has  been  melted,  and  it  may  be  powdered. 

Stearate  of  lead  is  an  insoluble  fusible  soap,  or,  as  it  is  caUed,  a 
plaster.  The  same  is  true  of  margarate  of  lead,  and  in  general 
of  the  compounds  of  lead  with  fat  acids. 

The  composition  of  stearic  acid  stands  in  a  very  simple  relation 
to  that  of  margaric  acid.  If  we  call  the  compound  Cm  Hs,  mar- 
garyle,  and  view  it  as  a  compound  radical,  representing  it  by  the 
symbol  Ml,  then  Ml  Os  =  stearic  acid,  and  Mia  Oe  =  2  Ml  Oa 
=  margaric  acid.  These  acids,  therefore,  bear  to  each  other  the 
same  relation  as  that  which  subsists  between  sulphuric  and  hypo- 
sulphuric  acids,  SO3  and  Sa  O5.  The  only  diflference  is,  that 
while  S  O3  neutralizes  as  much  base  as  Sa  Os,  MIO3  only  neutral- 
ises half  the  quantity  of  base  neutralized  by  Mia  Os,  or  in  other 
words,  Mia  Oe  neutralizes  as  much  base  as  MI9  Os. 

When  stearic  acid  is  distilled  alone,  or  with  lime,  it  yields  much 
margaric  acid,  and  a  neutral  fusible  crystalline  fat,  margarone, 
besides  a  solid  carbo-hydrogen  C94H94,  carbonic  add  and  water. 
Margarone  is  either  Css  Hat  O,  or  Csi  Hat  O.  In  the  former  case,  it 
is  formed  from  margaric  acid  by  the  loss  of  1  eq.  carbonic  acid  ; 
in  the  latter,  it  is  the  oxide  of  the  supposed  radical  margaryle. 
Ml  O.  The  production  of  these  compounds  is  easily  understood, 
for  2  eq.  stearic  acid  are  equal  to  3  eq.  margaric  acid,  and  1  eq. 
oxide  of  margarile  :  2  Mia  Os  =  3  Ml  O3  -f-  Ml  0.  Again,  4  eq. 
of  hydrated  stearic  acid  contains  the  elements  of  6  eq.  hydrated 
margaric  acid,  1  eq.  margarone,  (CmlhiO),  1  eq.  water,  1  eq. 
oarTOnic  acid,  and  1  eq.  of  the  caroo-hydrogen  Cs4  Hs4.  It  would 
appear  that  according  to  circumstances,  the  margarone  has  a  dif- 
ferent composition,  its  properties  varying  little,  so  that  different 
chemists  have  obtained  different  margarones  :  namely.  Cat  Ha  0  ; 
On  Has  O  ;  and  even  C»  Has  O  =  Mia  0.  When  margaric  acid  is 
h«ated,  part  distils  unchanged,  and  part  is  converted  into  the  above 
products. 

When  margarine  or  stearine  are  distilled,  they  yield  ihe  very 
acrid  vapors  of  acroleine,  a  product  derived  from  the  glycerine 
contained  in  these  fats  ;  but  pure  stearic  and  margaric  acids  yield 
not  a  trace  of  acroleine.  Neither  do  they  yield  any  sebacic  acid 
among  the  products  of  their  distillation,  this  acid  being  derived 
exclusively  from  oleic  acid.* 

*  The  late  inrMtigations  of  MM.  Laurent  and  Oerhardt  have  reaultod  in 
proTing  the  atomic  weights  of  margaric  and  stearic  acids  the  same.  They 
were  led  to  these  investigations  from  the  strong  resemblances  which  these 
acids  bear  to  each  other  in  their  physical  properties,  and  their  raetamorphoMS 
nnder  various  re-agents.  Stearic  and  margaric  acids  now  bear  the  «mie  reiattoa 
to  each  other,  that  tartaric  and  racemic  acidi  do ;  for  while  tho  latter  are  tar- 
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AcnoR  or  sntaa  acid  05  harqario  acid. 
By  the  ndtion  of  nitric  acid,  stearic  acid  is  converted  into  mar* 
garic  acid,  villi  disengi^ment  of  nitrous  acid  vapors.  Bat  if  the 
action  of  the  nitric  acid  be  prolonged,  the  inarganc  acid  is  grado- 
ally  oxidized  and  dissolved,  being  conTerteii  into  suberic  acid, 
succinic  acid,  and  an  oil  soluble  in  nitric  acid. 

34.  SuBEScc  Acid.  Ci  H>  Oi,HO  =  Su,RO. 
This  acid  is  formed,  when  cork  is  oxidised  by  nitric  acid,  but 
especially  when  nitric  acid  acta  on  stearic  acid,  margaric  acid, 
oleic  acid  and  other  fatty  bodies.  The  acid  solution  oDtained  by 
boiling  stearic  or  margaric  acid  with  nitric  acid,  till  it  is  entirely 
dissolved,  is  evaporated  to  one  half,  and  on  cooling,  deposila  a  large 
quantity  of  suberic  acid,  which  is  easily  purified  by  crystalu' 

It  forms  small  granular  crystals,  fusible,  when  moist,  at  130°, 
when  dried,  at  248°,  volatile  at  a  higher  temperature,  and  sublim- 
ing in  the  form  of  long  needles,  ft  is  sparingly  soluble  in  m^ 
water,  very  soluble  in  hot  water,  in  alcohol  and  ether. 

The  general  formula  of  the  suberates  is  Su,  M  0.  The  suberate 
of  oxide  of  ethyle,  is  prepared  like  the  ethers  of  all  the  fatty  acids 
by  passing  hydrochlonc  acid  gas  through  (he  alcoholic  soludtm  of 
the  acid.  When  suberate  of  lime  is  distilled,  it  yields,  among 
other  oily  products,  a  liquid  boiling  at  366°,  the  formula  of 
which  is,  Ci  Ut  0.  It  may  be  either  the  oxide  of  C>  Ht,  or  th« 
byduret  of  CtH<  0.  It  is  converted  into  suberic  acid  by  the 
action  of  the  air  and  of  nitric  acid.  In  fact,  tbc  addition  of  3  eq. 
of  oxygen  gives  the  composition  of  bydrated  suberic  acid,  Ci  Ht 
0*.  It.is  pfobable  that  there  exists  a  radical  subexTle^Ca  Hi 
0  =  Sa';  wd  that  we  have  SuH,  and  SuOi,HO,  for  the  oil 
and  Buberie  acid,  analogous  to  the  byduret  of  benzoyle  and  ben- 
Eoic  acid. 

25.  Succinic  Acid.    C.  Ht  03,H0  =  S,H  O. 

This  acid  exists  ready  formed  in  amber,  and  may  be  obtained 
by  distilling  that  body.  But  the  mother  liquor  of  the  suberic  acid, 
formed  fnKo  margaric  acid,  &c.,  by  nitric  acid,  contains  a  large 
qnantity  of  succinic  acid,  along  with  a  little  suberic  acid.  Tm 
mixture  being  dried  up,  is  acted  on  by  ether,  which  dissolves  the 
suberic  acid,  leaving  the  succinic  acid ;  it  is  finally  purified  by 
sublimation. 

It  forms  regular  crystals,  which  may  be  easily  sublimed.  The 
formula  of  the  sublimed  crystals  18  2  {C*  HjOj)+HO;  but  by 
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repeated  sublimation  it  may  be  obtained  anhydrous.     The  first 

hydrate,  S,  H  O,  melts  at  356^,  and  boils  at  455^,  subliming,  how- 
ever, slowly  at  284''.  The  sublimed  hydrate,  2  Su  +  H  0,  melts 
tA320°,  and  boils  at  468'' ;  and  the  anhydrous  acid  melts  at  iBT", 
and  boils  at  482''. 

By  the  action  of  anhydrous  sulphuric  acid,  it  yields  a  new 
acid,  apparently  Ct  Ha  Ss  Oio,  4  H  0,  hyposulphosuccinic  acid. 

The  constitution  of  the  succinates  is  still  doubtful ;  but  the  most 
recent  researches  of  Fehling,  who  has  twice  examined  these  salts 
with  care,  lead  to  the  general  formulae  of  C4  Ha  O3,  M  O,  for  the 
neutral,  and  2  (C4  Hs  O3  )  +  M  0,  H  0,  for  the  acid  salts.  The 
snednates  of  lead  present  some  anomalies.  By  the  action  of 
ammonia,  N  Hs,  on  succinic  ether,  C4  Ha  O3,  C4  Hs  O,  there  is 
formed  succinamide,  C4  Ha  Oa ,  N  Ha .  while  alcohol,  C4  Hs  O, 
H  0,  is  given  off.  When  acid  succinate  of  ammonia  is  heated, 
there  is  sublimed  a  new  body,  bisuccinamide,  Ca  Hs  O4,  NHa. 
It  is  formed  from  2  eq.  succinic  acid  and  1  eq.  ammonia,  by  the 
separation  of  2  eq.  water.  In  their  mode  of  fbrmation  these  two 
bodies  resemble  oxamide  and  oxamic  acid,  only  bisuccinamide  has 
no  acid  properties. 

The  origin  of  amber  is  very  uncertain ;  but  it  is  most  probably 
derived  from  some  resin,  formerly  liquid  or  soft.  It  may  possibly 
have  arisen  from  the  slow  oxidation  of  a  fatty  matter,  as  we  see 
succinic  acid  formed  from  fats  by  oxidation.  Amber  is  a  clear  brit- 
tle yellow  solid,  becoming  electric  by  friction.  It  is  for  the  most 
part,  insoluble  in  all  menstrua.  When  heated  it  yields  succinic  acid 
and  a  volatile  oil,  and  there  is  left  a  large  proportion  of  a  matter 
which  may  be  called  bituminous,  and  forms  the  principal  part  of 
the  amber.  ».      , 

26 .  Oleic  Acid.     Caa  Hm  O3 ,  H  O  =  Oi,  H  O. 

This  acid,  in  combination  with  glycerine,  constitutes,  as  oleine, 
the  liquid  or  most  fusible  portion  of  fats  and  fat  oils.  It  exists  in 
small  proportion  in  tallow  or  suet ;  more  abundantly  in  human  fat, 
hoff's  lard,  and  butter  ;  and  it  predominates  in  olive  oil,  and  espe- 
cially in  almond  oil.  To  obtain  it,  almond  oil  is  saponified,  and 
the  mixed  fat  acid  obtained  from  the  soap  is  digested  wiih  half  its 
weight  of  oxide  of  lead,  by  which  means  margarate  and  acid  oleate 
of  lead  are  formed.  Ether  dissolves  the  latter  only,  and  the 
ethereal  solution  of  oleate  of  lead  is  acted  on  by  hydrochloric  acid 
when  the  ether  rises  to  the  surface,  holding  the  oleic  acid  in  solu- 
tion. The  ether  being  distilled  off,  the  oleic  acid  is  left  somewhat 
colored,  and  it  is  purified  by  exposure  to  cold,  when  the  pure  acid 
crystallizes ;  or  by  converting  it  into  oleate  of  baryta,  which  is 
purified  by  means  of  alcohol.  When  pure  it  is  a  nearly  colorless 
oily  fluid,  freezing  in  cold  weather.  At  temperatures  above  57^ 
it  is  a  fluid  oil,  but  when  once  melted,  it  does  not  solidify  till  cooled 
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to  40°,  and  when  solid  it  daee  not  melt  till  lieated  to  57°.  It 
rapidly  nhsorbs  oxygen  from  tlie  air,  nnd  becomes  brown, 

It  forms  KiillB  witli  bases,  and  llie  olenies  of  ibe  alcaliea  are 
soaps.  Naples  soap  is  chiffly  oleate  of  poCasli :  oleate  of  soda  is 
harder. 

Nitric  acid  conrerts  oleic  acid  into  suberic  acid  and  other  pro- 
ducts. By  liyponitric  (nitrous)  acid  or  nitrate  of  mercury  u  is 
converted  iato  elaidic  acid. 

When  distilled,  oleic  acid  ^'ves  rise  to  sebaoie  acid,  and  tbis  is 
an  infallible  test  of  the  presence  of  oleic  acid  or  oleine  in  any  fat. 
This  character  applies  to  all  the  varieties  of  oleic  acid,  although 
we  have  reason  to  think  that  the  oleic  acids  of  fat  oils  and  of  dry- 
ing  oils  are  very  different.  Indeed,  according  to  recent  researches, 
the  oleic  acid  of  Unseed  oil  is  CuHnOs,  H  O. 

Of  the  oleates,  the  niost  important  are  those  of  potash  and  soda, 
which  ezist  in  most  soaps,  and  constitute  the  chief  part  of  those 
made  with  olire  or  almond  oil,  or  whale  oil,  and  thnt  of  lead, 
which  is  a  valuable  ingredient  of  most  plasters.  Oleate  of  oxide 
of  glycerile,  as  already  mentioned,  is  oleine,  the  liquid  part  of  fats 
and  fat  oils,  which  is  hardly  known  in  a  perfectly  pare  state. 
Oleate  of  oxide  of  etbyle  is  an  oily  liquid. 

37.  Sebacic  Acid.    Cio  H  i  Oj  ,  H  O  =  S«,  H  O. 

When  any  oil  or  fat,  containing  oleine  or  oleic  acid,  is  distilled, 
and  the  product  boiled  with  water,  the  hot  filtered  liquid  deposits, 
on  cooling,  sebacic  acid  in  small  crystals  resembling  benzoic  acid. 
It  is  soluble  in  alcohol  and  ether,  and  sublimes  without  alteration. 
The  salts  of  sebacic  acid  are  not  remarkable,  with  the  exception  of 
the  Bcbatf^flC'Axide  of  ethyle,  which  has  a  fragrant  smell  of  mel- 
ons. Whe^we  wish  to  ascertain  the  presence  of  oleine  in  a  fat,  h 
portion  is  distilled,  the  product  is  boiled  with  water,  and  the  liquid, 
even  if  it  deposit  nothing',  is  tried  by  acetate  of  lead,  with  wnich 
it  forms  a  white  precipitate  if  sebacic  acid  be  present. 

28.  Elaidic  Acm.    Cm  Hn  O,  H  O. 

This  acid  is  formed  by  the  ac^on  of  nitrons  acid  on  oleic  acid, 
with  which  it  is  isomeric.  If  a  current  of  nitrous  acid  be  passed 
through  well-cooled  oleic  acid,  the  latter  soon  solidifies  in  large 
scales,  which  are  elaidic  acid.  It  is  purified  by  solution  in  alcohol,  ' 
It  forms  silvery  scales,  melting  at  1  IS",  very  soluble  in  alcohol, 
and  volatile  without  decomposition,  except  to  a  very  small  extent. 
The  salts  of  this  acid  are  soaps,  and  resemble  those  of  the  other 
fat  acids. 

Oleine  is  converted  into  elaidine  (elaidate  of  glycerine),  and 
oleic  ether  into  elaidic  ether,  by  the  action  of  nitrous  acid ;  but 
we  cannot  yet  account  for  the  production  of  elaidic  acid  in  these 
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cases  or  in  that  of  its  formation  from  oleic  acid,  since  the  mode 
of  action  of  the  nitrous  acid  is  quite  obscure. 

ACnON   OF   NITRIC   ACID    ON   OLEIC   ACID. 

When  oleic  acid  is  acted  on  by  nitric  acid,  it  yields  several  acids, 
only  one  of  which,  suberic  acid,  occurs  in  the  action  of  nitric  acid 
on  other  fat  acids.  The  remaining  acids  are,  azelaic  acid  ?  pime- 
lic  acid,  adipic  acid,  lipic  acid,  and  azoelic  acid,  all  of  which  are 
crystallizable,  besides  no  less  than  nine  volatile  acids,  all  belong- 
ing to  the  series  (C  H)n  -{-  O4.  —  (JRedtenbacker), 
.  The  action  of  nitric  acid  on  oleic  acid  is  violent  When  com- 
pleted, the  liquid  is  evaporated  to  one-half,  and  on  cooling  deposits 
saberic  acid,  which,  according  to  Laurent,  is  accompanied  by 
azelaic  acid,  very  similar  to  it,  the  composition  of  which  he 
describes  as  the  same  as  that  of  suberic  acid,  or  only  differing  by 
1  eq.  of  water,  while  he  gives  the  formula  C:oHt  O4,  H  O,  that 
of  suberic  acid  being  Cs  H«  O3,  H  O.  There  ia  probably  here 
aa  error  of  the  press.  But  the  existence  of  azeluc  acid  is  very 
doubtful. 

Pimelic  acid  crystallizes  on  evaporation  after  the  suberic  acid 
has  been  removed,  in  hard  granular  crystals,  fusible  and  volatile. 
Its  formula  is  C7  Hs  O3,  H  O.  In  the  mother  liquid  are  found  : 
Adipic  acid  in  round  radiated  masses,  fusible  and  volatile  :  formula 
C«  H4  O3,  H  0  {Laurent),  Ci4  H«  O7,  2  H  0  (Brameis),  probably 
different  acids.  The  Lipic  acid  forms  long  tables,  very  fine  when 
formed  in  alcohol :  formula  Cs  H3  O4,  H  O.  Azoleic  acid,  accord- 
ing to  Laurent,  occurs  in  the  form  of  an  oily  liquid,  and  oenanthic 
acid  is  also  found.  According  to  Bromeis,  azoleic  acid  is  doubtful, 
and  the  acid  taken  for  it  and  for  oenanthic  acid  is  %jnMiJ^^^y^'^ 
acid,  one  of  the  oily  acids  observed  in  this  reactidFI^Kedten- 
bacher.  * 

The  volatile  oily  acids  detected  by  that  chemist  are  the  follow- 
ing, being  the  first  nine  in  the  series  so  often  mentioned,  in  which 
the  hydrated  acids  have  the  formula  (CH)n-{-04.  We  give 
them  in  a  tabular  form,  with  the  empirical  and  rational  formulae  : 

Acetic  acid    .   . 
Metacetonic  acid 
Butyric  acid  .   . 
Valerianic  acid 
Caproic  acid  .    . 
QSnanthylic  acid 
Caprylic  acid     . 
Pelargonic  acid 
Capric  acid    .   . 

In  this  remarkable  series  of  acids,  each  individual  differs  from 
the  preceding  by  the  addition  of  Ct  Ha  ;  and  in  like  maimer, 
the  boiling  point  of  each  rises  an  equal  noniber  of  degrees  above 
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nil  Itic  melting  point  risus  with  thi:  amomii  of  Cs  Ha,  ns  regularly 
as  the  boiling  point  iloes. 

Tlio  evidtnL  connection  between  nil  lliese  iicids  is  very  inlercst- 
ting,  as  it  nccounLs  for  their  frequent  occurrence  in  nature,  more 
or  less  mixed  together.  Thus,  in  butter,  which  contains  much 
oleic  acid,  we  find  four  of  these  acids  in  small  quantity,  and  it  is 
remarkable  that  these  four  are  not  successive,  but  alternate  in  the 
series,  the  number  of  eq.  of  carbon  and  hydrogen  being  in  them 
divisible  by  4.  They  are,  butyric  ncld,  Ca  ;  caproie  acid,  Cii ; 
cnpry lie  acid,  Cia ;  and  capric  acid,  Cu.  Redlenbacher  observes, 
that  the  baryta  salts  of  these  four  acids  all  form  prisms,  and  that 
they  are  less  soluble  as  the  acid  rises  in  the  series ;  while  the 
baryta  sails  of  tile  intermediate  acids,  whose  eqs.  of  carbon  are 
divisible  by  8,  all  crystalli/.e  in  scales,  and  also  diminish  In  solu- 
bihty  iu  ascending  tlie  scale.  These  curious  facts  furnish  almost 
the  only  meafta  of  scparatJng  these  acids  from  each  other. 

When  oleic  and  elaidic  acids  are  heated  with  potash  there  nr« 
produced  acetic  acid  and  a  new  fatty  acid,  Cu  Hx  Oi ,  H  0.  The 
difference  between  the  formula  of  this  acid  and  that  of  oleic  acid 
is  equal  to  3  eq.  acetjc  acid,  which  accounts  for  its  production. 
Again,  elaidic  acid,  Ctj  HmO»,  plus  7  cq.  oxygen,  yields  2  eq. 
of  the  new  acid,  and  2  eq.  acetic  acid.  This  acid  only  differs 
from  palmitic  (elhalie)  acid  by  I  eq.  hydrogen. 

AGlOa    OF    CASTOR    Oil.. 

Castor  oil  is  a  very  peculiar  oil.  When  saponified,  it  yields 
two  fat  acids,  one  crystal!  izable,  margaritic  acid  ;  the  other  liquid, 
ricinic  acid.  .  The  latter  is  little  known.  The  former  is  said  to  be 
C»  Usi  Oi.  '  Castor  oil  is  a  mixture  of  the  compounds  of  glycerine 
with  these  two  acids.  It  is  soluble,  when  pure,  in  its  own  bulk  of 
alcohol.  Nitrous  acid  converts  it  into  a  solid  crystal lizable  fat, 
palmine,  analogous  to  elaidine,  but  differing  from  it. 

When  castor  oil  is  acted  on  by  nitric  acid,  it  yields  a  new  vola- 
tile oily  acid,  of  an  agreeable  aromaiic  odor,  which  is  called 
CBnanthyltc  acid,  as  its  formula  is  that  of  (enanthic  acid,  plus  1  eq. 
oxygen ;  Cn  Hi»  Oj,  H  O.  It  forms  an  ether  of  a  very  agreeable 
aromatic  smell.     In  the  residue  is  found  suberic  acid. 

Palmine,  the  fat  formed  by  the  action  of  nitrous  acid  on  cast(^ 
oil,  is  a  white  crystalline  fat,  which,'  when  saponiSed,  yields  gly* 
cerine  and  a  fatty  acid,  palmic  acid,  not  yet  fully  investigated,  but 
said  by  Playfair  to  belong  to  the  series  of  margaryie,  that  is,  to 
differ  from  margario  acid  only  in  oxygen.  A  current  of  sulphur- 
ous acid  passed  though  castor  oiL  is  said  to  produce  palmine,  or  at 
all  events  a  fat  which  yields  palmio  acid.  This,  if  true,  is  a  very 
singular  tacl,  since  nitrous  acid,  an  oxidizing  agent,  and  sulphurous 
acid,  a  deoxidiziog  one,  would  thus  produce  l£e  same  result. 
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NATURAL   FATS   AND    FIXED    OILS. 


Tliese  arc  all  compounds  of  glycerine  with  fatty  acids.  When 
heated  with  alcalies  they  yield  soaps  ;  with  oxide  of  lead,  plas- 
ters ;  while  in  both  cases  glycerine  is  set  free.  The  most  common 
of  all  these  compounds  are  stearine,  margarine,  and  oleine,  of 
which  always  two,  and  often  all  three,  are  present,  stearino  pre- 
dominating in  the  hard,  margarine  in  the  soft,  and  oleine  in  the 
liquid  fats.  It  is  only  the  compounds  of  glycerine  with  volatile 
acids,  such  as  butyric  acid,  that  have  a  strong  smell. 

There  are  two  kinds  of  fat  oils  :  the  fat  oils  proper,  and  the 
drying  oils.  The  latter  contain  much  oleine,  the  oleic  acid  of  which 
is  different  from  the  usual  oleic  acid,  and  they  absorb  oxygen  from 
the  air,  drying  into  a  kind  of  varnish.  When  oils  become  rancid, 
they  are  partly  decomposed ;  and,  generally,  some  of  the  acid,  as 
well  as  of  the  glycerine,  is  set  free,  while  oxygen  is  absorbed. 
Pure  stearine,  margarine,  and  oleine  do  not  become  rancid,  and 
that  change  depends  on  a  process  of  decay  or  slow  oxidation  goins^ 
on  in  the  impurities  of  the  oil,  and  from  them  passmg  to  the  oil 
itself. 

ACTION   OF   HEAT   ON   OILS   AND    FATS.      ACEOLEINE. 

When  oils  are  distilled  they  produce  a  variety  of  compounds, 
such  as  margaric  acid,  sebacic  acid,  margarone,  carbohydrogens, 
dec.  <&c.,  and  one  most  remarkable  compound,  acroleine,  derived 
from  glycerine. 

Acroleine,  Co  H4  Oa,  is  best  obtained  by  distilling  glycerine 
with  phosphoric  acid.  The  whole  operation  must  be  carried  on  in 
vessels  full  of  carbonic  acid  gas,  as  the  acroleine  is  very  rapidly 
oxidized  by  the  air.     Its  vapor  attacks  the  eyes  and  nose  in  a  most 

gainful,  indeed  intolerable,  degree.  It  may  be  considered  as  the 
ydrated  oxide  of  a  radical  Co  Ha,  (acryle,  analogous  to  acetyle) 
Co  H3,  O  +  H  O,  analogous  to  aldehyde.  It  rapidly  absorbs 
oxygen  and  forms  acrylic  acid,  Co  Hs  O3,  H  0,  analogous  to  ace- 
tic acid.  In  certain  circumstances,  the  solution  of  acroleine  exposed 
to  the  air  deposits  a  white  solid,  Cio  H?  O4. 

The  presence  of  acroleine  among  the  products  of  the  distillation 
of  an  oil  or  fat  is  a  convincing. proof  of  the  presence  of  glycerine 
in  that  oil.  It  is  worthy  of  remark  that  glycerine,  C«  H?  0«,  is 
hydrated  oxide  of  acryle,  plus  3  eq.  water,  so  that  oils  and  fats 
may  be  called  compounds  of  acroleine  as  well  as  of  glycerine.  It 
is  even  conceivable  that  acroleine  may  be  C3  Ila  0,  which  we 
have  seen  to  be  a  probable  form  of  glycerine  in  some  fats  ;  or  that 
the  glycerine  in  these  fats  may  be  acroleine,  as  above  given,  C« 
H4  O3,  and  that  when  this  glycerine  is  separated  by  an  alcali,  it 
takes  up  3  eq.  of  water. 

Castor  oil,  so  peculiar  in  other  respects,  exhibits  a  peculiar  decom- 
position by  heat.    It  yields  acroleine,  and  a  volatile  oil,  composed 
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of  two  oils  insoluble  in  alcflties  ;  besides  some  saponifiable  acids. 
When  about  onc-fiflh  has  been  [iistOled,  the  reeidue  suddenly  con- 
solidates JDio  a  spongy,  jellow,  elaslio  mass,  insoluble  in  all  men- 
strua except  caustic  alcalies,  with  wbich  it  forms  peculiar  soaps. 
These,  when  decomposed  by  an  acid,  yield  a  tough  viscid  sub- 
stance having  the  characters  of  an  acid.  The  product  of  the 
distillation  again  distilled  with  nater,  yields  several  oily  compounds, 
one  of  nhicfi  is  crystalling' tad^  not  yet  fully  studied.  The  less 
volatile  residue  bein^  agaivdWIled  yields  a  peculiar  crystalline 
fatty  acid,  and  another  oi^.'-acid.  Neither  of  these  has  been 
properly  investigated. 

When  oils  or  fats  arc  decomposed  at  a  red-heat,  they  yield  much 
combustible  gas  foil  gas),  formed  of  olefiant  gas  and  marsh  gas, 
and  several  liquia  carbohydrogena  :  in  particular,  benzole,  CiaBa, 
Faraday's  quad ri curb urtttcd  hydrogen,  Ct  Hi,  or  Ci  Hi,  and 
another  isomeric  compound,  which  is  only  liquid  at  very  low  tem- 
peratures. 

ACTION    OF    BULPHORIO    ACID    OH    TAT    OILS. 

Sulphuric  acid,  if  added  in  small  quantity  to  oils,  combines  with 
iheir  glycerine  ;  but  if  used  in  excess  gives  rise  to  a  number  of 
new  products.  In, the  first  instance  there  are  formed,  when  a  mix- 
ture of  oleine  and  margarine  is  acted  on,  two  new  acids,  sulpholeio 
acid  and  sulphomargaric  acid.  These  acids  have  not  been  isolated, 
but  when  their  solution  in  water  is  heated,  the  sulphuric  acid 
separates,  and  the  oleic  and  margaric  acids  are  transformed  into 
four  new  acids,  metamargnric  and  hydromargaritic  acids,  and 
metoleic  and  hydroleic  acids.  The  two  former  are  solid,  crys- 
tallizable,  and  partly  volatile.  A  compound  of  the  two  exists, 
which  acts  like  a  single  acid,  and  has  been  called  hydromargaric 
acid  :  it  is  also  a  fusible  solid.  The  two  latter  are  oily,  and  all 
five  appear  to  be  bibasic.  Their  composition  cannot  be  considered 
as  ascertained,  but  the  three  first  are  nearly  allied  to  margaric 

It  would  lead  lo  confusion  here  to  mention  the  different 
formulee  proposed  by  Fremy,  Berselius,  and  IJebig,  for  these 
acids,  more  especially  when  it  is  considered  that  we  have  no  suffi- 
cient evidence  of  the  perfect  freedom  from  foreign  admixture  of 
the  acids  analyzed,  and  that  the  recent  obserratjons  of  Miller 
show  an  amount  of  variation  in  the  melting  points  which  leads  to 
the  suspicion  of  impurity.  The  subject  is  mtereadng,  but  difficult, 
and  requires  a  very  minute  investigation, 

Metoleic  and  hydroleic  acids,  when  distilled,  yield  water,  car- 
bonic acid,  and  two  earbohydrogcns,  oleine  and  elaene,  both  of 
which  contain  carbon  and  hydrogen  in  an  equal  number  of  equiva- 
lents ;  oleine  is  supposed  to  be  Cb  Hu,  and  ela^nc,  Cu  Uu ;  but 
this  is  not  establishea. 
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ACTION   OF   NITROUS    ACID    ON   FAT   OILS. 

Nitrous  acid,  or  solution  of  nitrate  of  mercury,  as  already  men- 
tioned, causes  fat  oils  to  become  solid,  converting  oleine  into 
elaidine.  This  curious  change  takes  place  in  olive  oil,  almond  oil, 
rape-seed  oil,  hazel-nut  oil,  castor  oil  and  others :  but  the  drying 
oils,  such  as  oils  of  linseed,  hemp-seed,  walnut,  poppy-seed,  <&c., 
are  not  at  all  affected  by  nitrous  acid.  In  all  the  oils  which  are 
changed  into  elaidine,  except  in  caitoroil,  the  product  is  the  same. 
It  is  the  formation  of  this  solid  fiAt  irUdl  causes  the  mercurial  oint- 
ments, made  with  nitrate,  to  beoome  hard  when  kept.  The 
elaidine,  when  purified  by  pressure  and  crystallization  in  alcohol 
and  ether,  yields  neither  margaric  nor  oleic  acid  when  saponified, 
but  only  elaidic  acid,  isomeric  with  oleic  acid.  There  is  probably 
a  secondary  reaction,  for  a  red  coloring  matter  is  also  formed, 
which  has  not  been  investigated. 

Castor  oil,  as  has  been  already  mentioned,  yields,  with  nitrous 
acid,  a  new  fat  palmine,  which  contains  a  new  acid,  palmic  acid. 
These  resemble  elaidine  and  elaidic  acid,  but  are  quite  distinct. 

ACTION   OF  BASES   ON    FAT   OILS.       SOAPS    AND   PLASTERS. 

When  fat  oils  are  boiled  with  solution  of  caustic  alcalies,  they  are 
gradually  dissolved  in  the  water,  if  there  be  not  too  great  an  excess 
of  alcali  present,  forming  ropy  or  gelatinous  solutions,  which  ge- 
latinize on  cooling.  These  are  solutions  of  soaps,  that  is,  potash 
and  soda  salts  of  the  fatty  acids,  along  with  the  glycerine  set  free. 
In  order  to  have  the  soaps  in  a  solid  form,  the  solutions  are  boiled 
down,  and  when  the  alcali  reaches  a  certain  concentration,  the  soap 
becomes  insoluble,  and  rises  to  the  surface  in  a  soft,  half-melted 
state.  This  is  drawn  off  into  moulds,  and  the  mass  formed  on 
cooling,  is  soap.  .  Another  method  of  causing  the  soap  to  separate 
from  the  water  in  which  it  is  dissolved,  consists  in  adding  sea-salt, 
which  at  once  coagulates  the  soap,  converting  it  into  a  soap  of  soda, 
if  it  is  a  soap  of  potash.  Of  course,  the  glycerine,  in  both  cases, 
is  carried  off  in  the  mother  liquid.  Such  is  the  theory  of  soap- 
making,  which  is  very  simple,  depending  on  the  affinity  between 
the  alcalies  and  the  fat  acids;  on  the  solubility  in  water  of  the 
alcaline  stearates,  margarates,  oleates,  palmitates,  <&c. ;  and,  finally, 
on  the  power  of  a  certain  amount  of  free  alcali  or  sea-salt,  to  co- 
agulate the  soap,  and  render  it  insoluble  in  the  liquid  in  which  it 
swims,  and  which  in  fact  runs  off  its  surface  as  water  does  off  the 
surface  of  fat,  while  yet  the  soap  retains  perfectly  its  solubility  in 
pure  water. 

The  soaps  of  lime,  baryta,  &c.,  are  insoluble  in  water,  and  have  no 
detergent  power :  hence  the  waste  occasioned  by  using  hard,  that  is, 
calcareous,  water  for  washing.  All  the  salts  of  lime  in  such  water 
must  first  be  entirely  precipitated  in  the  form  of  curdy  flocculi, 
before  any  soap  can  be  dissolved  so  as  to  act  as  a  detergent 
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The'soBpB  of  potash  are  soft,  compared  with  thoM  of  soda, 
which  are  called  hard  soaps.  White  soap  is  stearate,  with  some 
oleate  of  soda.  Naples  soap  is  oleate  and  margarate  of  potasli. 
Cofflmon  sofl  soap  is  chiefly  oleate  of  potash,  but  as  it  is  made 
from  whale  oil  or  s«al  oil,  it  contains  also  phucenal«  of  potash, 
which  gives  it  a.  disagreeable  smell. 

Castile  soap  is  oleate  and  margarate  of  soda,  colored  by  metallio 
oxides,  chieRf  oxides  of  iron,^  such  a  way  as  to  ^ve  the  deMred 
mottled  appearance.  Mudt'ilid  excellent  soap  is  now  made  of 
palm  oil,  and  is,  therefore,  Aa|ilftate  of  soda. 

Soaps  are  soluble  in  alcoMi^ fbrming  tincture  of  soap,  which  is 
an  admirable  liniment  for  bniise.",  and  ia  much  used  along  with 
laudanum,  as  tincture  of  soap  and  opium  ;  also  with  camphorated 
spirit,  forming  opodeldoc. 

Plasters  are  soaps  of  certain  metallic  oxides,  chiefly  oxide  of  lead, 
which  are  insoluble  in  water,  but  fusible,  and  possess  useful  prop- 
erties. Litharge  plaster  is  made  by  boiling  finely  5  parts  of  pow- 
dered oxide  of  lead  with  9  parts  of  olive  oil  and  some  water,  till 
the  combination  is  complete.  It  is  plastic  at  ordinary  temperatures, 
and  melts  when  heated.  When  solution  of  acetate  of  lead,  is  added 
to  solution  of  soap,  plaster,  that  is,  oleate  and  margarate  of  lead, 
is  precipitated.  When  prepared  in  this  way,  it  becomes  hard. 
White  lead  plaster,  made  with  carbonate  of  lend,  is  very  plastic 
and  fusible,  and  is  much  used.  Iron  plaster  and  mercurial  plaster 
are  of  small  importance. 

The  chief  liquid  fat  oila  and  drying  oils  of  the  vegetable  king- 
dom have  already  been  mendoncd.  In  the  animal  kingdom,  there 
are  Gsh  oils,  characterized  by  containing  phocenine  ;  also  cod  liver 
oil,  &c.  &C. 

The  solid  oils  or  fats  of  the  v^etnble  kingdom  are,  butter  of 
cacao  (l/ieoliroma  eaeaa);  of  nutmeg  (myristiea  moicltata);  of  cocoa- 
nut  (cocua  nuci/era);  of  laurel  (lauras  noHlig);  palm  oil  (avoira 
flats;  elaii  ffttianetaU);  galam  butler  (batsia  btdyracea);  and  some 
others.  Those  of  the  animal  kingdom  are  tallow,  or  suet,  butter, 
hog's  lard,  human  fat,  &c. 

Spermaceti  is  a  peculiar  fat  found  in  the  head  oiphyttttr  maav- 
cephaliii.  When  purilied  from  a  small  quantity  of  a  liquid  cnl,  it 
constitutes  cetine,  which  is  a  compound  of  ethal,  (hydrated  oxide 
of  cetyle, )  with  cctylic  acid,  or  at  least  yields  those  compounds 
when  boiled  with  potash.  Cetine  crystalliEes  beautifully  when 
melted  or  when  dissolved  in  hot  alcohol.  Cedne,  when  acted  <m 
by  nitric  acid,  yields  first,  pimelic  acid,  Ci  H«  Oi  ;  which  is  then 
oxidized  into  adipic  acid.  Ci.  HuOio.  Thus,  8(Ct  H.04)-f  O4 
^  Cii  Ha  Oio.  The  adipic  acid  is  finally  converted  into  succinic 
acid  ;  thus,  2  ( C. Hh  Co)  +  0..  =  7  ( C^  Hj  0, )  -f  3 HO. 

Oholesterine  is  a  fat  lound  in  bile,  and  also,  in  small  proportion, 
in  the  blood,  aod  in  much  larger  quantity  as  an  ingreoient  of 
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cerebral  matter.  It  forms  the  chief  ingredient  of  biliary  calculi. 
It  dissolves  in  hot  alcohol,  crystallizes  on  cooling,  in  silvery  scales, 
but  cannot  be  saponified  by  boiling  with  potash.  Its  formula  is 
either  C»  Has  0,  or  Oh  Ha2  O.  When  acted  on  by  nitric  acid,  it 
yields  a  new  acid,  cholesteric  acid,  which  contains  nitrogen,  proba- 
bly as  nitrous  acid. 

Ambreine,  a  fat  analogous  to  cholesterinc,  is  found  in  ambergris. 
It  yields,  with  nitric  acid,  ambreic  acid.  Castorine  is  a  similar  fat 
found  in  castoreum. 

Wax  is  another  peculiar  fnt^  body,  the  origin  of  which  is 
derived  from  flowers,  whence  it  is  eolected  by  the  bee.  It  melts 
at  about  1 50°.  It  is  a  mixture  of  two  fats,  cerine  and  myricine, 
the  former  soluble,  the  latter  insoluble,  in  hot  alcohol.  Cerine  is 
partly  saponified  by  boiling  with  potash,  yielding  apparently  mar- 
garic  and  oleic  acids  (?)  along  with  a  neutral  fat,  ceraine  having 
the  same  composition  as  myricine.  There  are  several  kinds  of 
vegetable  wax,  but  they  are  all  much  more  easily  saponified  than 
bees-wax.  When  bees-wax  is  distilled,  it  yields  neither  acroleine 
nor  sebacic  acid,  and  would  therefore  appear  to  contain  neither 
oleic  acid  nor  glycerine.  When  heated  with  nitric  acid,  wax  is 
almost  entirely  converted  into  succinic  acid. 

Japan,  or  tree-wax,  is  a  true  fat,  composed  of  palmitic  acid  and 
glycerine  without  oleine.  When  acted  on  by  nitric  acid  it  yields 
first  pimelic  and  adipic  acids,  and  then  succinic  acid,  as  in  the  case 
of  spermaceti. 

Cerosine  is  the  name  given  to  a  waxy  substance  occasionally 
found  on  the  surface  of  the  sugar-cane.  It  is  not  saponifiable,  and 
appears  to  contain  CUs  Hso  Os . 

Athamantine,  from  the  root  of  athamanta  oreoselinum,  is  a  crys- 
talline fat-like  body,  containing  valerianic  acid,  united  to  a  body, 
oreoselone,  which  supplies  the  place  of  glycerine  in  the  neutral 
athamantine.  Oreoselone  is  Ou  Hs  O3,  that  is,  isomeric  with  dry 
benzoic  acid.  Athamantine  is  Cm  HisO?  =  Oh  Hs  Oa  (1  eq. 
oreoselone) -j- CioHioO 4  (1  eq.  valerianic  acid).  Athamantine 
combines  with  hydrochloric  acid,  and  the  compound,  when  boiled 
with  water,  deposits  crystals,  which  are  oreoselone  plus  water  = 
OuHo  O4,  and  isomeric  with  crystallized  benzoic  acid. 

Having  now  briefly  described  the  best  known  organic  acids,  it 
is  necessary  to  mention  a  number  of  acids,  found  in  the  analyses 
of  different  vegetables,  but  not  yet  sufficiently  studied  to  decide 
wnether  they  exist  independently,  or  may  not  rather  be,  in  many 
oases,  identical  with  some  of  the  acids  above  described.  Such  are 
chelidonic  acid,  lately  shown  by  Lerch  to  be  analogous  to  meconic 
acid,  and  to  have  the  formula  Cu  Hs  O13  =  Cu  Hi  Oio,  3  H  O  ; 
caincic,  crameric,  caffeic,  boletic,  fungic,  tanacetic,  lactucic,  atro- 
pic,  cocognidic,  solanic,  coneic,  aceric,  moroxylic,  kinovic,  and 
menispermic  acids»  besides  others. 
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VOLATIU  OB  BBSKBTUL  (HLS. 

These  oils  are  bo  called  becnnse  they  are  obtained  by  dJBtilla- 
tion  of  vegetables,  gcDerally  along  with  water,  and  because,  having 
in  most  cases  the  concentrated  odor  of  the  plant,  ihey  are  usually 
called  essences.  Most  of  tbem  exist  ready-formed  in  the  plnnt, 
which  owes  its  smell  to  them  :  but  some,  as  oil  of  bitter  almonds 
nnd  oil  of  splreea,  are  formed  by  a  kind  of  fermentation,  excited 
in  the  case  of  the  former,  aa  already  slated,  by  the  contact  of 
^mygdnline,  em ul sine  and  water. 

Many  plants,  when  cut,  yield  balsams,  which  are  mixtures  of 
essential  oils  and  resins.  In  many  essential  oils  a  oryBtaltine  mat- 
ter is  depoi^ited,  called  a  camphor  or  stearoplene.  They  are  all 
soluble  in  alcohol.  Many  Hbsorb  oxygen  from  the  air  and  become 
acid,  as  oil  of  cinnamon.  Tliey  arc  violently  acted  on  by  nitric 
acid  and  iodine,  chlorine,  brominct  ice. 

They  may  be  divided  into  three  kinds:  1st,  those  containing 
only  carbon  and  hyd.rogen,  as  oil  of  turpentine;  2d,  those  con- 
tiiining  also  oxygen,  as  oil  of  cloves ;  3d,  those  containing  sul- 
phur, as  oil  of  garlic. 

1.    NOK-OXTOENATED    EsSEHTIAL    OiLS. 

Almost  every  one  of  these  (which  constitute  a  very  nnmeroos 
class  of  oils)  as  yet  accurately  analvEed,  lias  been  found  to  con- 
Iain  carbon  and  hydrogen  in  Che  proportion  CmH*,  or  what  b  tha 
same  thing,  d  Hi,  or  C»Hi«.     The  following  are  the  moslimpor' 

Oil  of  turpentine,  C.nHi,  or  (DnHit,  is  obtained  by  distilling, 
with  water,  turpentine,  the  juice  extending  from  many  species  of 
pinu*.  Rosin,  resin,  or  colophonium,  remains  in  the  retort.  Tlie 
oil  has  a  peculiar  smell,  and  burns  with  a  smoky  flame.  Its  8p. 
0.  is  0-86.  It  boils  at  312°.  Strong  nitric  acid  sets  fire  to  it,  and 
it  is  also  decomposed  with  flame  by  chlorine.  It  dissolves  sulphur, 
phosphorus,  and  fat  oils.  Wlien  exposed  to  hydrochloric  acid  gas. 
It  combines  with  it,  forming  a  whit«  crystalline  solid  like  camphor, 
and  a  liquid  compound.  The  solid  is  Cm  Hit  CI  =  C»  Km,  H  CI. 
When  heated  with  lime,  it  yields  a  pure  oil,  dadyle,  C«  Hi.,  The 
liquid  by drochl urate,  heated  with  lime,  yields  another  pure  oil, 
peucyie,  rather  more  volatile  than  dadyle,  but  having  the  same 
composition.  Oil  of  turpentine  would  seem  to  be  composed  of 
peucyie  and  dadyle,  both  Cw  Hk  ;  the  former  giving  a  liquid,  the 
latter  a  solid  compound,  with  hydrochloric  acid. 

Nitric  acid,  by  long  boiling,  converts  oil  of  turpentine  into  an 
acid,  turpendnic  acid,  CnHi  Gt,  HO? 

Oil  of  turpentine  is  used  in  medicine,  internally,  as  a  vermifuge, 
especially  in  cases  of  the  larger  norms,  such  as  ttcaia  ;  externally, 
as  an  excellent  rubefacient  and  counter-irritant.  In  the  arts  it  is 
much  prised  as  a  solvent  for  resins  in  making  Tarnishes. 
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Oil  of  juniper  has  the  same  composition  as  oil  of  turpentine,  but 
possesses  its  own  peculiar  odor,  which  it  communicates  to  alcohol 
in  gin.     This  oil  is  diuretic. 

Oil  of  savinc  has  the  same  composition.  It  is  also  diuretic. 
Oil  of  elemi  has  the  same  composition,  and  a  pleasant  odor.  Oil 
of  storax,  or  styrole,  appears  to  have  the  composition  of  C2  H,  or 
some  multiple  of  it.  Nitric  acid  acts  on  it,  producing  hydrocyanic 
acid,  benzoic  acid,  and  a  fragrant  crystalline  body,  nitrostyrole. 
Styrole  itself  is  a  very  remarkable  substance,  differing  as  it  does 
from  all  the  other  non-oxygenated  oils.  Dr.  Blyth  has  been  for 
some  time  engaged  in  its  investigation,  and  has  obtained  very 
interesting  results,  not  yet  ready  for  publication. 

Oil  of  lemons  has  the  probable  composition,  Cs  H4.  Like  oil 
of  turpentine  it  is  composed  of  two  isomeric  oils,  citrene  and  citry- 
lene,  which  combine  with  hydrochloric  acid,  forming  a  liouid  and 
a  solid  compound,  decomposed  by  heating  with  lime.  The  solid 
camphor  seems  to  be,  Cio  H«  CI  ==  Cio  Hs,  H  LI.  The  oils  of  cedro, 
cedrat,  oranges,  and  limes,  are  all  essentially  identical  with  oil  of 
lemons.  Oil  of  neroli,  or  of  orange-flower,  is  quite  distinct,  having 
the  odor  of  the  flower,  while  the  others  have  that  of  the  rind  01 
the  fruit.     Its  composition  is  not  accurately  known. 

Oil  of  copaiva  is  another  isomeric  form  of  oil  of  turpentine, 
which  it  very  much  resembles,  forming  a  camphor  with  hydro- 
chloric acid.  It  is  diuretic,  and  much  used  in  affections  of  the 
bladder  and  urethra.  Oils  of  pepper  and  of  cubebs  are  still  of  the 
same  composition  in  100  parts,  although  the  latter  is  supposed  to  be 

2.  Oxygenated  Essential  Oils. 

The  principal  oils  of  this  class  have  been  already  considered, 
their  radicals  being  known.  These  are  oil  of  bitter  almonds,  or 
hyduret  of  benzoyle  ;  oil  of  spircea,  or  hyduret  of  salicyle ;  oil  of 
cinnamon,  or  hyduret  of  cinnamyle  ;  oil  of  cloves  (eugenic  acid) ; 
oil  of  cumine,  or  hyduret  of  cumyle  ;  oil  of  aniseed,  the  solid  part 
of  which  is  CtoHu  Oa,  and  with  nitric  acid  yields  anisic  acid,  and 
other  compounds  already  described  at  p.  448 ;  oil  of  valerian, 
chiefly  valerianic  acid,  &c.  The  essence  of  valerian,  according  to 
Gerhard t,  generally  contains  several  compounds,  especial^  if  old. 
When  fresh,  it  contains  no  valerianic  acid,  but  an  oil,^  Yalerole, 
which  is  crystallizable,  and  soon  passes  into  valerianic  acid  in  the 
air.  This  oil  is  C12H10O9,  and  is  isomeric  with  metacetone,  also 
with  Kane's  oxide  of  roesityle,  and  with  oxide  of  allyle  (see  oil  of 

farlic,  p.  470).  Besides  valerole,  the  essence  contains  a  carbo- 
ydrogen,  borne^ne,  CioHs,  identical  with  the  oil  obtained  from 
Borneo  camphor ;  and  Anally,  a  camphor,  which  is  identical  with 
Borneo  camphor. 

Oil  of  cinnamon,  according  to  Mulder,  is,  when  quite  fresh,  G» 
Hii  Oa.    It  rapidly  attracts  oxygen,  and  3  (CioHii Os)  ^  Ot  as 
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]  eq.  cinnamic  acid,  1  cq.  resia  alpha,  Cn  Hi  0,  1  eq.  resin  beta, 
C3i.H.i04.  and  6  eq.  water  H.  Ot.  With  hydrochloric  add  it 
yields  two  differeat  reaina,  CjdHi  O,  and  CuH?  0,  besides  other 
products.  With  oil  of  vitriol  it  yields  two  more  resins,  CwHuOi, 
Bad  do  His  0,  which  together  are  equal  to  3  eq.  of  the  dl  minua 
9  eq.  water.  With  citric  acid  the  fresh  oil  forms  a  cryetalline 
compound,  C«  H.  N  0,  =  Ci.  H.  0>  +  N  0»  +H  0.  With 
water  this  body  yields  hyduret  of  cinnamyle,  Cii  Ha  Oi.  If  dis- 
solved in  Bulphuric  acid  nnd  mixed  with  water  it  vives  cinnamic 
acid,  CibHt  Oj.  Alonn;  with  the  crystals,  nitric  acid  yields  a  red 
oil,  which,  with  water,  gives  another  oil,  ChHt  0«. 

Oil  of  anise,  CnHn  0>,  yields  with  bromine  a  compouod  in 
fine  crystals.  Cm  i  ™'  Oa-  When  acted  on  by  strong  acids,  or 
by  the  chlorides  of  tin  or  antimony,  oil  of  anise  is  converted  into 
an  isomeric  body,  anisone,  Baalogoug  to  benzoine. 

Of  the  reniaininf;  oils  of  this  class  may  he  mentioned  the  oils  of 
dill,  of  fennel,  of  parsley,  of  carraway,  of  coriander,  of  pimpernel, 
of  pepermint(CioHioO,  or  C^  Hm  Oi  ;  this  oil  yields  several  new 
compounds  with  chlorine),  of  marjoram,  of  lavender,  rosemary, 
basil,  thyme,  rue  (CiaHviOj),  cascarillo,  chamomile,  wormwood, 
tea,  cardamom,  nutmeg,  cajeput,  rhodium,  rose  (otto  or  attar  of 
rosea),  ber^-amot,  saffron,  sassafras,  and  sweet-bay  (CioHhO). 
Of  these,  little  certain  is  known,  and  almost  all  require  a  careful 
study. 

The  oil  of  sassafras,  CmHs  Oa,  when  cooled,  deposits  very 
large  and  beautiful  crystals,  measuring  1^  inches  on  the  aide. 
With  bromine,  the  solid  essence  yields  crystals,  composed  of  Cw 
HBr.  O,. 

The  oil  or  essence  of  tejotn  contra  is  said  to  be  CitHitd. 
That  of  arlemUia  dracuncultit,  or  essence  of  estragon,  yields,  when 
treated  with  sulphuric  acid,  anisoine,  identical  with  that  of  oil  of 
anise,  and  in  fact  contains  the  same  oxygenated  oil  (stearoptcne 
of  anise),  along  with  a  different  carbohydrogen.  Laurent  has 
obtained  from  essence  of  estragon  a  series  of  new  compounds.  He 
represents  the  essence  by  CsHnOi  ;  but  Qerhardf  has  shown 
that  it  ii,jdentioal  with  oil  of  anise,  and  that  draconic  acid  and  - 
dracole  ar«  the  same  as  anisic  acid  and  anisole.  The  acid  ia  Cu 
HtO.,HO. 

The  concrete  essence  of  the  tonka  bean  is  called  coumarine.  It 
is  very  fr^rant,  and  its  formula  is  Gi>  H*  Ot.  Potash  changes  it 
first  into  cumaric  acid,  Cia  Ht  Oj,  H  O,  and  afterward  into  salicy- 
lic acid  ;  and  hot  nitric  acid  converts  it  into  nitropicric  acid.  Cold 
nitric  acid  produces  n  white  volatile  crystalline  solid,  Cn  ]  »  q 
Ot.  Coumarine  also  combines  with  chloride  of  antimony,  forming 
Yellow  crystals. 
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3.    SULFHURETTED   ESSEKTIAL   OiLS. 

This  class  of  oils  is  distinguished  by  a  pungent  peculiar  smell, 
and  acrid  burning  taste,  as  in  oil  of  mustard,  or  an  mtcnse  alliace- 
ous odor,  as  in  oil  of  garlic  or  of  onions.  The  more  important  of 
them  have  been  lately  investigated,  and  have  yielded  very  striking 
results. 

Essence  of  mustard  is  prepared  from  mustard-seed  in  the  same 
way  as  oil  of  bitter  almonds  from  that  seed.  The  seed  is  macer- 
ated with  water  and  afterward  distilled,  when  it  yields  an  oil  of  a 
most  remarkable  nature,  containing  not  only  sulphur,  but  also 
nitrogen.  The  pure  oil  is  colorless,  of  Sp.  G.  1*010,  and  boils  at 
298°  or  300°.  Its  formula  is  Cs  lis  N  Sa,  so  that  it  contains  no 
oxygen.  With  ammonia  it  forms  a  crystalline  compound,  which 
is,  in  fact,  an  organic  base  or  alcali,  thiosinnamine  =  C«  Ha  Na 
Si.  This  is  a  bitter  compound,  which  forms,  like  nearly  all 
organic  bases,  ciystalline  compounds  with  chloride  of  platinum 
and  chloride  of  mercury. 

Thiosinnamine,  acted  on  by  dry  oxide  of  lead  or  of  mercury, 
loses  all  its  sulphur,  forming  a  new  base,  sinnaminc  =  Cs  H«  Ni 
=3  Cs  Hs  Na  Sa — 2HS.  It  is,  therefore,  thiosinnamine,  minus 
2  eq.  sulphuretted  hydrogen,  which  have  acted  on  the  oxide  of 
lead,  forming  water  and  sulphide  of  lead.  Sinnamine  forms 
definite  compounds  with  chlorides  of  mercury  and  platinum.  It  is 
a  powerful  base,  and  very  bitter  to  the  taste. 

When  oil  of  mustard  is  acted  on  by  moist  hydrated  oxide  of 
lead,  it  loses  both  sulphur  and  carbon,  in  the  proportion  CSa, 
forming  sulphide  of  lead  and  carbonate  of  lead,  along  with  a  new 
base,  sinapoline,  which  dissolves  in  hot  water,  in  alcohol,  and  in 
ether.  Its  formula  is  Ci4  H12  Na  Oa  ;  and  it  is  formed  from  2  eq. 
oil  of  mustard,  with  6  eq.  oxide  of  lead  and  2  eq.  water,  as 
follows:  2(C«  HsNSa)  +  6  PbO  +  2H0  =  Cu  H12N1  Oa  + 
4PbS  +  2(PbO,  COa). 

When  oil  of  mustard  is  acted  on  by  an  alcoholic  solution  of 
potash,  there  is  separated  neutral  carbonate  of  potash  ;  and  the 
addition  of  water  causes  the  separation  of  an  oily  liquid,  which  is 
in  its  relations  analogous  to  oil  of  mustard.  It  appears  to  be  Css 
H25N3S4O4.  By  the  action  of  baryta  upon  it,  sulplude  of 
barium  is  formed,  and  a  basic  compound  not  farthei*  examined. 
The  liquid  from  which  this  oil  has  separated  contains  the  potas- 
sium salt  of  a  very  remarkable  acid,  which  forms  with  a  salt  of 
lead  the  compound  Ct  N  H«  S4,  Pb,  =  Cs  Hs  N  Sa .  H  S  +  Pb  8. 
These  compounds  are  produced  as  follows  :  6  eq.  oil  of  mustard, 
10  of  water,  and  2  eq.  of  potash,  6  (Cs  Hs  N Sa)  +  10  H  0  -f 
2  K  0,  yield  1  eq.  of  the  new  oil,  Czs  H25  N3  S4  O4,  1  eq.  ammonia 
N  Ha,  4  eq.  carbonic  acid,  C4  Oa,  and  2  of  the  new  salt  of  pot- 
assium, 2  (Ct  He  N  84,  K).  It  is  probable,  however,  that  the 
first  change  is  more  simple,  and  that  3  eq.  oil  of  mustard,  6  of 


water,  and  1  of  potash,  yield  I  eq.  of  an  oil,  ChHhNi  St  Os,  S 
eq.  carbonic  acid,  Ci  Ot,  and  1  of  the  potassium  salt  Ct  Hi  NSt, 
K.  Two  eq.  of  the  oil  Cu  Hi<  Ni  S>  Oi,  loss  I  eq.  ammonia,  and 
give  rise  to  the  oil  CaHvNi  Si  0<. 

These  Tery  interesting  facts,  important  in  a  high  degree  from 
their  bearing  on  the  theory  of  organic  bases,  are  taken  from  a 

Eaper  by  Dr.  Will,  lately  published,  to  which  I  refer  the  reader, 
ir.  Will  points  out  some  curious  relations.  Thus  sinapoline,  Cu 
Hit  Ni  Oi ,  may  be  derived  from  i  eq.  of  oil  of  mustard  and  6  eq. 
water,  which  yield  1  eq.  sinapoline,  2  eq.  carbonic  acid,  and  A 
eq.  sulphuretted  hydrogen.  If  we  now  suppose  2  of  the  4  eq.  of 
HS  to  combine  with  1  eq.  sinapoline,  they  will  produce  the  oil, 
ChHk  Ni  Oi  S),  which  is  supposed  to  be  first  formed  and  after- 
ward to  lose  ammonia '.  while,  if  the  2  other  eq.  of  H  S  combine 
with  1  eq.  of  unchanged  oil  of  mustard  they  will  form  the  acid  of 
the  new  potassium  salt :  C.  H>  N  S>  +  2HS=  Ci  Ht  N8«. 

Again,  synapoline  may  be  viewed  as  hyduret  of  benioyle,  ploa 
2  eq.  ammonia,  CitHe  Oi,  2NH3  ;  and  the  hypothetical  oil  is  then 
0i<H>O3,K>H>  St,  or  hyduret  of  benzoyle,  plus  2  eq.  sulphide 
of  ammonium. 

The  separation  of  the  elements  of  bisulphide  of  carbon  from  ml 
of  mustard,  and  the  simultaneous  formation  of  a  series  of  basio 
compounds,  would  indicate  that  oil  of  mustard  might  be  a  com< 
pound  of  sulphocyanogen  ;  since  sulphocyanide  of  ammonium, 
when  heated,  gives  oS  bisulphide  of  carbon,  and  gives  rise  to  a 
series  of  basic  compounds,  melamine,  ammeline,  £o.  Kow  it  is 
very  remarkable  that  oil  of  mustard  admits  of  being  considered 
as  Ca  Hi  -)-  Ca  N  Si  ,  that  is,  the  sulphocyanide  of  a  new  radical 
allyle,  C*  Hi  ;  of  which,  as  we  shall  presently  see,  oil  of  garlic  is 
the  sulphide.  Finally,  oil  of  mustard  may  be  a  compound  of 
hydrocvanic  acid  with  the  bydroaulphide  of  sulphide  of  acryle : 
C.  Hj'S.  H8  +  CjNH.  Its  very  pungent  smell  and  powerful 
action  on  the  eyes  certainly  rank  it  beside  acroleine,  C«  Hs  0, 
HO.  The  researches  of  Wertheim  have  lately  demonstrated  the 
truth  of  the  supposition  above  mentioned,  and  the  oil  of  mustard, 
or  sulphocyanide  of  allyle,  has  been  formed  artificially  &om  the 
oil  flf  glltic,  the  sulphide  of  allyle,  and  vice  vena. 

(Ml  of  mustard  contains  an  indifferent  nitrogenized  body,  myro- 
sine,  which,  analogous  to  emulsine,  yields  the  essential  oil,  after 
maceration  of  the  seed  with  water,  and  fermentation.  The  fer> 
mentation  of  myrosine  is  prevented  in  llie  same  way  as  that  of 
emulsine,  namely,  by  coagulation.  The  seeds  also  contain  a  crys- 
talline body,  sinapisme,  resembling  a  fat.  The  substance,  which, 
alonir  with  myrosine,  3'ields  the  oil,  appears  to  be  myronic  acid,  or 
rather  myronate  of  potash,  a  body  not  yet  fully  studied.  The 
seeds  of  ginapit  alba  contain  the  myrosine,  as  sweet  almonds  con- 
tain emulsine ;  but,  being  destitute  of  myronic  acid  or  myronate 
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of  potash,  as  sweet  almonds  are  of  amy^dalinc,  they  yield  none 
of  the  oil. 

It  has  very  recently  been  shown  by  Ilubatka  and  Wertheim, 
that  the  essential  oils  of  cochlearia  annorcLcla,  (horse-radish), 
cochlcaria  officinalis^  and  aUiaria  officinalis,  consist  almost  entirely 
of  oil  of  mustard,  although  the  latter  oil  has  also  a  very  strong 
smell  of  oil  of  garlic,  an  oil  which  has  not  been  discovered  in  it. 

The  essential  oil  of  garlic,  from  the  bulbs  of  allium  sativum, 
is  a  peculiar  sulphurized  compound.  Wertheim  has  lately  studied 
it,  and  shown  that  it  is  the  sulphide  of  a  new  radical,  allyle  = 
Co  Hs  =  All,  and  its  formula  is  Co  Hs,  S  =A11  S.  The  crude  oil 
contains  a  little  of  a  higher  sulphide,  possibly  All  Bt ,  and  also 
some  of  the  oxide  of  allyle,  Cc  Hs  O  =  All  O,  which  is  an  oily 
liquid  of  an  oflfensive  smell.  The  radical  allyle  appears  to  enter 
into  numerous  combinations,  and,  among  others,  Wertheim  analyzes 
the  following :  the  sulphide  or  pure  oil  of  garlic,  All  S ;  the  com- 
pounds of  that  sulphide  with  the  sulphides  of  platinum,  pal- 
ladium, and  silver,  6  All  S  -f  6  Pt  Si ;  2  All  S  -f  3  Pt  Sj  ;  2  All  8  -f 
3  Pd  S  ;  and  x  All  S  +  Ag  S  ?  double  compounds  with  the  sul- 
phides and  chlorides  of  mercury  and  platinum  ;  3  (All  S-1-  PtSa  ) 
+  (A11  CI  +Pt  CI2);  and  (All  S-f  2  HgS)  +  (All  CI  -f  2  Hff  CI); 
and  lastly  nitrate  of  the  oxides  of  silver  and  allyle,  (All  O  +  Ag 
O)  -f-  N  Os .  Our  space  does  not  permit  us  to  do  more  than  point 
out  the  existence  of  these  curious  compounds. 

The  essential  oil  of  assafoetida  appears  to  consist  of  at  least  two 
oils,  one  of  which,  if  not  both,  contains  sulphur.  It  has  a  very 
oflfensive  odor.  It  does  not  combine  with  ammonia  like  the  oil  of 
mustard.  Dr.  Douglas  Maclagan  finds,  as  might  be  expected 
from  the  odor,  that  one  of  the  oils  it  contains  is  sulphide  of 
allyle. 

The  essential  oils  of  hops,  of  water  pepper,  and  of  anan  macu- 
latum,  are  believed  to  contain  sulphur. 

CONCRETB  VOLATILE  PRINCIPLES,  ALLIED  TO  THE   ESSENTIAL  OILS. 

There  are  several  substances  which  may  be  classed  under 
this  head  ;  such  as  hellenine,  from  inula  helenium,  which  is  a  vola- 
tile crystalline  solid,  Cu  Uio  Os .     With  nitric  acid  it  yieldaaitehel- 

iXJ  * 

NO   ^'*    When  distilled  with  anhydrous  phosphoric 

acid,  hellenine  loses  2  eq.  water,  yielding  hellcnene,  a  carbohydro- 
gen,  CisHs.     With  chlorine,  it  yields  die  compound,  Cis  <  n\  O2 

+  H  CI. 

Asarone,  from  asarum  europanim,  is  a  volatile  solid,  having  a 
remarkable  tendency  to  crystallize  in  beautifully  defined  forms,  and 
also  to  pass  into  the  amorphous  condition,  from  which  it  may  be 
again  brought  into  ihe  crystalline  state.    Schmidt  has  very  recently 
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Btndied  its  ciystalUzaUon  under  the  niMroscope,  and  has  obtained 
reaolta  which  are  moat  interesting  in  reference  to  the  formation  of 
crystals  in  general.  I  must  refer  to  his  elaborate  paper  in  the 
"  Annalea  aer  Chemte  und  Pliarmacie,"  for  Februarj,  1846.  Ita 
composition  is,  Cn  Ha  0> . 

Anemoninc,  from  various  species  of  artemone,  is  a  volame,  crys- 
taliizable  solid,  the  formula  of  which  ts  Ci  Hi  Oi.  It  forms  with 
oxide  oflead  a  compound,  3  (C>  Ha  Oi)  +  PbO.  With  bases  it 
yields  anemonic  acid,  t)ic  composition  of  which  is  unknown. 

Cantharidiue.  the  active  principle  of  Spanish  flics,  is  a  volatile 
acrid  solid,  tlie  composition  of  which  is  CmHg  O*. 

The  follotring  plants,  epidendnm  vaniila,  quania  avuxra,  ttmg- 
hhda  madagatcaTienMa,  primula  auricula,  and  primula  verit,  contain 
concrete  volatile  essences  not  yet  analyzed. 

CAouTcuouc,  oa  otru  elastic. 

Caoutchouc  is  a  substance  tui  generis,  which  in  composition 
approaches  more  nearly  to  the  essential  oils  than  to  any  other  class 
of  compounds.  It  is  the  coagulated  or  inspissated  juice  of  many 
tropical  trees,  the  chief  of  which  is  tipkonta  elattica  {iatropM 
elatliea,  hevea  guianentis).  The  juice,  as  it  flows  from  the  tree,  Ja 
made  to  dry  on  moulds  of  clay,  which  are  afterward  broken  out, 
leaving  a  bottle  of  caoutchouc.  It  is  generally  blackened  by  smoke, 
but  when  pure  it  is  white  and  transparent.  It  is  highly  elastic,  and 
the  freshly  cut  surfaces  adhere  strongly  if  pressed  together.  It  is 
insoluble  m  water,  alcohol,  and  acids ;  but  it  dissolves  in  ether, 
naptha,  coal-tar  naptha,  bisulphide  of  carbon,  and  essential  oils. 
Its  solutions  in  ether  and  coal-tar  naptha,  when  dried  up,  leave  the 
caoutchouc  in  an  elastic  state.  On  this  principle  water-proof  cloth 
is  made.  Caoutchouc  is  much  used  in  cnemical  operations  to  form 
flexible  connecting  tubes. 

When  exposed  to  heat,  caoutchouc  first  melts,  and  then  distib, 
yielding  a  mixture  of  several  oily  liquids,  all  of  which,  as  well  as 
pure  caoutchouc  itself,  are  carbohydrogens.  Some  of  these  oila 
boil  at  90°,  others  at  660°,  and  at  int«rmediate  poiuts,  I  found 
that  one  highly  rectified  oil,  which  boiled  at  96°,  and  had  the  com- 
poaittM  of  olelianl  gas,  when  acted  on  by  sulphuric  acid,  yielded 
an  «l  which  boiled  at  428°,  and  had  the  same  composition.  But 
most  of  these  oils  have  the  composition  of  oil  of  turpentine,  Oi 
Hi  or  CuHt.  One  of  these,  called  caoutchine,  gives  with  chlo- 
rine an  oil,  CioH. -j-Cl. 


Resins  are  generally  found  along  with  essential  oils,  and  many 
of  these  oils,  by  the  action  of  the  air,  are  converted  into  resioa. 
Id  this  change,  the  essential  oils  lose  a  part  of  their  hydrogen, 
which  is  converted  into  water,  and  take  up  some  oxygen  beaidea. 


4m  lESI?!^. 

la  fsicz,  'ae  rrsins,  u  a  c:*w.  are  ^^id  b^-dits*.  Tter  are  insolnble 
in  wi:er.  hu:  b«*':t:ine  «•  t:  in  L-«:Lii^  w  i>r.  TkcT  dissolTe  in 
a^i!  •;•  ■.  ir.ii  ,i'*ra  -rry^A/ize  : r  m  :r..i:  "^lo-rr.:. 

Tie  i*'T'i  r»r>ins  oi.mbise  wi'i:  bis^s  :  :hi?ir§ali4  wiih  ihe  alcalies 
IT:  ::L.!i:i  r^:>iiii>u:*  "J^'ap.-*.  Vz':  r»rsin»  are  noc  Toiadle,  alchoii;Lrh 
vt>rT  iadamiE  ib'tr.  Thirv  are  porilieii  ^>cn  ewendaJ  oiL»  bj  dUtiN 
lia-T  Off  liic  ::i::rr  il^.c:^  wiih.  w-Urr  ;  baL  as  chva  obtained,  ihey 
are  ^e!:»rnI'T  mixrarts  -^f  seTrral  n^ui». 

Tirpmnnc  as'i  --''Moch'jrr.  or  •^^mmoa  resin.  Turpentine  k  the 
»«*m;:!'i:i  juiot  xhiirfa  cx'j-ir:*  irim  manj  sprcies  ot  piaMt.  When 
diar:.".ci  wi-Ji  wiirr.  ::  jieitis  oil  of  :urr*rntine,  Ca  Hs  or  C«  Hm, 
while  <?o».:xh':nv  or  rcsin  remains  brhini.  which  is  C«  Hr  O,  or 
Cm  Ua  0«.  or.  more  accnraielr.  C-dHjs  0«.  Here  the  oil,  C«»  Hjs, 
has  ;•?*:  £  cij  hvir'>j^tn,  reclaceti  hj  2  e*^.  oxy.jvn.  C« HjbOs,  and 
thi*  -•irmoaii,  like  Aii-rhv-ir.  has  Liken  no  i  cu.  of  oxr:n;n  to 
ferm  ihe  acii  reain.  C<  HjiO«. 

Coioph*:>cT  cc>ncain«  two  different  resins  :  resin  alpha,  or  pinic 
acid,  and  re»in  beta,  or  svItIc  acid.  The  latter  Is  said  to  be  Cm 
H:s02,  the  former,  isomeric  with  it,  €•«  Ujb  O*:  and  their  proper- 
ties are  verv  similar,  being  those  of  colophooj,  which  is  formed  of 
them.     The  stWic  acid  is  crrstallixable. 

When  distilled  with  iime,  colophon t  yields  two  oilj  liquids, 
resineone.  Cjs  Hb  O.  and  resinone,  CvHt  O. 

The  resin  of  copaiva  is  €«  Hx  0« ,  according  to  Rose  ;  but  there 
is  some  reason  to  beliere  that  it  ts  isomeric  with  the  preceding. 
A  raricty  of  it  has  occurred,  containing  C«Hai08,and  when 
combined  with  oxide  of  lead,  €«  Hs  0«.     This  resin  crrstallizes. 

The  resin  of  elemi  contains  two  resins^  one  crystallizable.  Both 
are  said  to  be  CoHmOs.  Anime  also  contains  two  resins. 
Euphorbinm  yields  a  resin  having  the  same  ccnnposition  as  elemi. 
Benzoin  contains,  besides  benzoic  acid  and  a  Volatile  oil.  three 
resins,  alpha.  Cn  H«i  Ou;  beta.  Cm  Hb  0»  ;  and  gamma,  Cw  H»  O5 , 
The  resin  alpha  contains  the  sum  of  the  other  two,  and  bj  long 
boiling  with  carbonate  of  soda,  which  dissolres  the  resin  gamma 
mlone,  is  resolred  into  them. 

Balaam  of  tolu  contains,  besides  essential  oil.  benioic  and  cinna- 
mic  acids,  and  a  carbohydrogen.  Cm  Hit,  a  resin,  Cv  H«  Oa.  It 
cont:uns  the  elements  of  benzoic  ether,  plus  1  eq.  oxygen.  Wben 
the  balsam  is  distilled,  per  ««,  it  actually  yields  benxoic  ether, 
along  with  a  new  carbohydrc^n,  called  benzo^ne,  or  tolnole.  Cm 
Hi."  This  last  compound  yields  with  sulphuric  acid  a  new  acid, 
C'.4  Ht  Sa  O5  -f-  3  H  O  ;  and,  with  nitric  acid,  two  new  nitrogenized 

comp^.^aads,  Ca  -j  ^  O    ^^^^^  protonitrobenzoene,  or  nitrotoluide, 

mnaloi^ns  to  nitrobenzide,  and  another,  binitrobenxo^ne,  Cu  Hs  + 
2N0«.  The  former  is  isomeric  with  saltcylamide,  and  witb 
anthranilie  acid,  and,  like  the  latter  body,  when  heated  with  Kme, 
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yields  aniline.  Wben  acted  on  by  hydrosalphide  of  ammonia,  it 
yields  another  artificial  boae,  lotuidine.  WiLo  ohlorine,  benso^ae 
also  yields  several  new  products. 

Styracine.  tiie  resin  of  styrax,  is  Ct.Hii  Oi.  Wben  acted  on 
by  nitric  acid,  it  yields  the  products  of  detmmposition  of  cinnamio 

When  fljiid  storait  is  distilled  with  water,  it  yields  a  remark- 
able oil.  sty  role.  Ci>  Hi,  which  is  also  formed  by  the  action  of 
heat  on  cinnamic  acid,  nod  is  probably  derived  from  cinnamic  acid 
present  in  the  storax. 

Styrole,  when  heated  to  400°  in  a  closed  tnbe,  changes  into  a 
solid  glassy  mass  of  the  same  composition  in  100  parts,  but  the 
formula  of  which  is  CuHt.  It  is  called  metastyrole.  By  a 
stronger  heat,  it  is  volatilised  and  reconverted  into  the  oil.  Sty- 
role  is  analogous  to  benzole  aod  tolnole,  and  like  them,  forms  com- 
pounds, when  acted  on  by  nitric  acid,  in  which  H  is  replaced  by 
NO..  — (ifo^mannanrf  Mlsith). 

The  resin  uf  guniacum  is  remarkable  for  Its  tendency  to  become 
blue  by  the  contact  of  many  different  substances.  It  contains 
two  resins,  but  their  composition  is  not  ascertained.  Lac  cont^ns 
four  resins,  besides  coloring  matter.  Dammara,  mastic,  dragon's- 
blood,  and  sandarach,  are  resins  much  used  in  making  varnishes. 

Jalap  contains  two  resins  ;  one,  a  soil  resin  soluble  in  ether,  Cm 
Hsi  Oi! ;  and  an  acid  resin  insoluble  in  ether,  which,  from  striking 
a  fine  red  color  with  sulphuric  acid,  ia  called  rbodeoretine,  Cu  H» 
On.  When  combined  with  bases,  it  takes  up  1  eq.  water,  form- 
ing hydrorhodeoretine,  very  similar  to  rbodeoretine,  but  soluble 
in  water,  C<i  Hn  On.  When  rhodeoretine  is  acted  on  by  hydro- 
chloric acid,  it  is  resolved  into  grape  sugar,  Cn  Hn  On,  and  an 
oily  liijuid  rhodeoretinole,  C»  Hu  Oi.  This  reaction  places  rbo- 
deoretine near  to  aalicine  and  phloridune.  On  the  other  band,  if 
wc  comnare  7  eq.  of  starch,  7  ^Cii  Hig  Ou)  =  Cm  Hn  On  with  Z 
oc^.  rhoaeoretine,  8  (CtiHxOio)  =  Ch  HtcOw,  we  can  see  how 
this  resin  may  be  formed  from  starch,  &C.,  by  deoiidation.  Rhu- 
barb contains  3  resins,  aporetine,  pheeoretine,  and  erythroreUne. 
The  two  first  are  bothd.H.OT:  the  third  is  C™Hi  Oj.  They 
are  accompanied  by  an  intensely  yellow  crystallizable  acid,  chry- 
sopbanic  acid,  CuHt  Oi,  or  OmHsiOh.  This  latter  substance  is 
also  found  In  lichens,  such  a»parmelia  parielina,  tquamaria  decani, 
&c.  Copal,  which  of  all  the  resina  is  the  most  insoluble,  Is  said 
to  contain  five.  Copal  varnish  is  made  by  adding  hot  oil  of  tur- 
pentine to  copal  fused  at  a  gentle  heat. 

Turf  or  peat  contains  several  resinous  bodies,  examined  by 
Mulder.  In  the  turf  of  Friesland  lie  found  four  resins  :  alpha,  Cb> 
HuO.  ;  beta,  CrrHnO*  ;  gamma,  CkmHmO.  ;  and  delta,  Orii 
Hul  Oi .  A  lighter  kind  of  turf  from  another  locality  yielded  two 
resins;  alpha,  CnHnOa  ;  and  gamma,  CbHuOi. 
40 
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Resinous  varnishes  are  made  bv  dissolving  resins  in  oil  of  tur- 
pentine and  other  essential  oils,  or  in  drying  oils.  Spirit  var- 
nishes are  made  by  dissolving  resins  in  very  strong  alcohol.* 

ACTION   OF    UEAT   OX   RESIXS. 

When  resins  are  distilled  in  close. vessels,  they  yield  a  great  deal 
of  gas  of  a  hiirh  illuminating  power,  and  many  volatile  liquid  com- 
pounds of  carbon  and  hydrogen. 

Pinic  acid  yields,  when  heated,  colopholic  acid.  Colophony 
yields  resineine,  an  oil,  CjoHis  0  ;  also  retinaphtha,  Cu  Ht,  which 
with  chlorine  forms  a  compound  CuHs  Cla  ;  retinyl^ne,  CisHiz, 
which  with  sulphuric  acid  yields  an  acid,  isomeric  with  sulpho- 
cumenic  acid,  CisHu  S2  Os,  H  0  ;  retinole,  CaiHis;  and  finally  a 
solid  product,  retisterene,  fusible  at  152°,  having  the  same  com- 
position as  naphthaline,  CmHs. 

colorino  matters  containing  no  nitrogen. 
1.  Yellow  Coloring  Matters. 

The  following  are  the  most  important  of  the  yellow  vegetable 
coloring  matters,  many  of  which  are  used  in  dyeing. 

Curcumine,  from  the  root  of  curcuma  lonffa,  is  resinous,  and  is 
dissolved  by  alcalies,  which  change  it  to  brown.  Hence  it  is  used 
as  a  test  for  alcalies,  under  the  name  of  turmeric.  Gamboge  yel- 
low is  extracted  from  gamboge,  the  dried  juice  of  garcinia  gam- 
bogia.  It  is  resinous  and  powerfully  purgative.  Annotto  or  anatto 
is  obtained  from  the  seeds  of  bixa  orellana  and  metella  tincioria, 
Caroline  is  the  coloring  matter  of  the  carrot,  daucus  carota.  Rha- 
barberine  is  a  name  formerly  given  to  the  yellow  acid  of  rhubarb, 
now  called  chrysophanic  acid,  w^hich  is  found  also  in  lichens  as 
above  stated.  It  has  great  coloring  power,  and  yields  a  fine  violet 
with  alcalies.  It  is  fusible  and  volatile:  formula,  CioHt  O3. 
From  occurring  in  parmelia  parietina,  it  has  also  been  called  parie- 
tine  and  parietmic  acid.  Luteoline,  the  coloring  principle  of  reseda 
luteda  or  woad,  is  volatile  and  crystal! izable.  Quercitrinc,  from 
the  bark  of  quercus  tinctoria,  is  crystalline,  and  its  composition  is 
C16  Hs  O9,  H  0.  Other  yellow  coloring  matters  are,  morine,  from 
morus  tinctoria;  safflower  yellow,  from  carthamus  tinctorius ; 
polychroite  from  saffron,  and  others  of  less  interest. 

*  Recent  investigations  have  been  made  upon  the  active  principles  of  sev- 
eral medicinal  plants,  by  my  coUe^guo,  Professor  John  Kino,  of  the  Mempkia 
Institute,  wlio  has  discovered  several  resinoid»  which  have  been  foand  higlily 
valuubin  remedies,  and  are  ot  present  extensively  used.  Among  them,  are 
podophyUirif  tlie  resiuoid  of  podophyllum  pdtatum  ;  macrotin,  the  resinoid  of 
macrotys  racemoaa  ;  irifiirif  of  iris  versicolor  ;  Uptandrin,  of  Uptandra  Virginiea  ; 
aUtririf  of  the  alelris  farinosa  ;  and  several  others  which  I  cannot  n^collect 
I  am,  however,  disposed  to  believe  that  the  medicinal  properties  of  these 
resiiioids  lie  in  more  active  principles  analogous  to  the  alcaloids  in  nuz  vomica, 
opium,  &c.  I  am  at  present  engaged  in  some  investigations  connected  with 
this  subject  8. 


AuzAKHie. —  ruavtatn.  475 

S.  Rid  Colorido  Mattbbs. 

Draconine,  or  drAgon's  blood,  is  fl  red  gum  resin,  from  draanux 
draco.  It  U  much  used  to  color  varoishes.  Santaline,  tlie  color- 
ing matter  of  pCeroearput  ganialinut,  is  aUo  resinous,  and  has  an 
intense  red  color.  Ancliusine,  from  anchuta  tiruloria.  Is  tlie  soarce 
of  tbc  color  of  alknnct ;  it  is  resinous,  and  yields  violet  vapors  irhen 
heated.  Carthmnine  is  llie  red  coloring  matter  of  safflower,  ear- 
l/iamut  tinctoritia.  It  is  a  very  fine  and  intense  red,  much  used  for 
dyeing  rose  color,  for  pink  saucers  and  for  rouge,  at  least  the  nugi 
viyelale. 

Madder,  llie  root  of  ruHa  iinctorium,  contains  three  different  red 
coloring  matters,  madder  purple,  red,  and  orange.  All  three  are 
volatile,  and  the  sublimed  crystals  of  madder  red,  which  are  of  a 
line  orange-red  color,  are  called  alizarine.  This  is  the  substance 
which  yields  the  Turkey  red  dye.  Witli  alcalies  it  yields  purple  or 
violet  color,  with  acids  yellow.  When  disBolved  in  hot  water  or 
alcohol,  alizarine  yields  rose-colored  solutions.  The  composition 
of  pure  madder  red  is  unknown.* 

*  WolET  DDd  Strieker  have  oblulned  from  madder  pure  purpariae  sod  aiaariiK. 
The  bydrated  slgiariue,  an  being  healed,  fuses  and  eubtlniei  inlo  oroiiEe- 
colored  needles,  Insoluble  In  cold  water,  butdissolves  in  boiling  water.  Impart- 
ing  Id  It  D  deep  yellow  color.  Tile  ■mallest  trace  of  nlcali  colon  this  aolDllon 
red,  (a  test  far  alcali  ?)  Tlio)-*re  soluble  In  alcohol  and  ether.  The  alcobalic 
■oluliou  is  reddened  by  nllcsll,  but  not  the  ethereal  solutioD.  Alcaliei  dinolva 
alaiBilne,  (he  lolulioa  being  fed  by  iraumlttad  light,  and  blue  by  reflected 
light.    The  compositiou  of  ulaiarluo  ii  CnHi  0(.    The  conipouudaof  •Isi- 

Alliariiie,  oxide  lead,3  (C»  Hi  Os)  -}-3  Pb  0. 
"    3(CjHsO»)--*FbO. 
AliiBrine,  lime,  S  [C*  H«  Oi  )  -  -  Ca  O  -|-  3  aq. 

"        baryta,  C- H»  O"    --2BbO. 

3(C-H.Ot)--3BaO  +  3»q. 
3(C-H4  0<)4-3BaO. 
The  conrenloii  of  atixarie  Iota  pUhalie  and  ezafjc  acid*  by  equation  : 

ATltaile  td6.  Phllullr  irM         Oltllr  uM. 

C»Ho<J.  4-2HOO.  =Ci.  H.Oi  +  C*  Ht  O.. 
The  abov«  furthennoro  demomtrate,  that  Lanreot'i  chloro-na^thalio  acid 

is  Identical  with  chlorinated  aliioiine  : 


CI 


:  o.. 


Parparint  ciTBtalllzei  from  lis  alrong  alcohallc  soiulion  In  red  needlea  ; 
but  the  crystals  from  weak  slcobol  are  fine  soft  onnge-colorcd  needle* 
(frying  to  aVflted  niBH.  These  latter  crystal*  lose  water  ut  100°.  Furparlne 
Is  more  soluble  la  water  than  dliarlne,  and  imparts  to  tbe  fluid  a  deeper  rsd 
color  It  ruses  with  lieat,  and  finally  aubllmes,  wllh  a  carbonaceous  restdu*. 
[n  eanstic  potasta  It  Is  cherry-rrd  wilbout  the  hloo  reflection  of  nlliarlne. 
(ts  foroiula  1*  anhydrons  C»  HeOi>;andlhe  hydrous  C<>H>  0« -f  HO.  A* 
purpnrlne  contains  two  eqnlTalonts  leas  of  carbon  than  alliarlne,it  la  probable 
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Haematoxyline  is  the  red  of  logwood,  hamaUmflum  campeehiaman. 
It  is  soluble  in  water  and  alcohol,  and  yields  orange  crystals,  which 
gire  to  water  a  red  color,  brightened  by  acids,  and  turned  to  a  violet 
or  blue  by  alcalies.  With  alum,  logwood  yields  various  shades  of 
▼iolet ;  with  an  iron  mordant,  gray  and  black.  Black  cloth  and 
bats  are  dyed  with  it,  which  is  the  reason  they  are  reddened  by 
acids.  According  to  Erdmann,  pure  haBmatoxyline  is  pale  yellow, 
and  is  colored  red  by  the  atmosphere.  Its  formula  he  fopnd  to  be 
C«  Hn  Oi5.  When  acted  on  by  ammonia  it  yields  hsemateine,  which 
is  dark  red,  and  forms  with  excess  of  ammonia  a  splendid  purple 
matter.  Hsemateine  is  C«  His  Om;  and  the  purple  compound 
with  ammonia  is  C«  His  On+  2  N  Ha  +  aq.  Brazilwooa  and 
Camwood  yield  coloring  matters  very  similar  to  hsematoxyline,  if 
not  identical  with  it. 

Many  flowers  contain  a  red  colorino^  matter,  which  is  turned  green 
by  alcalies,  and  is  very  fugitive.    It  is  soluble  in  water  and  alcohol. 

3.  Blub  Coloring  Matters. 

These  are  chiefly  found  in  flowers  and  fruits.  They  are  very 
closely  allied  to  the  red  of  flowers  and  fruits,  which  are  no  doubt 
often  derived  from  them  by  the  action  of  acids.  They  are  all 
turned  green  by  alcalies,  and  red  by  acids.  Such  blue  coloring 
matters  as  are  more  permanent  contain  nitrogen,  and  will  be  coo- 
aidered  hereafter. 

4.  Green  Coloring  Matter. 

Chlorophyll,  —  This  is  the  green  of  leaves.  It  is  of  a  nature  allied 
to  that  of  wax,  soluble  in  ether  and  alcohol,  insoluble  in  water.  It 
is  very  neutral  or  indiflferent  in  its  relations  to  other  substances. 

Polychrome  is  the  name  given  to  a  peculiar  crystalline  principle 
found  in  some  vcc^etables,  such  as  quassia.  It  gives  to  water  the 
quality  of  exhibitmg  a  curious  play  of  colors,  among  which  blue 
predominates,  like  that  of  the  opal,  when  the  solution  is  viewed  by 
reflected  light ;  1  part  will  give  this  projperty  to  1,500,000  of  water. 
Its  formula  is  said  tobe  CuHs  Os^HO,  which  is  the  same  as  that 
of  quercitrine,  and  contains  2  eq.  of  oxygen  more  than  the  aporctine 
of  rhubarb. 

KON-AZOTIZBD    VEOBTABLB   COMPOUNDS,    THE    NATURE  OF  WHICH 

IS   NOT   YET   ASCERTAINED. 

In  this  subdivision  may  be  included  a  number  of  compounds, 
most  of  which  crystallize  and  have  a  bitter  taste,  but  are  neutral, 
and  cannot  yet  be  referred  to  any  particular  series  of  compounds. 

that,  by  oxidation,  the  latter  may  be  converted  into  the  former,  m  ahowa 
by  the  equation  : 

C«  He  0«  4-  HO  +  0«=  Cie  He  Oe  +  Ci  H  Oe. 
Witii  nitric  acid,  purpurine  yields  phthalic  and  oxalic  acids,  m  is  shown  by 
the  above  equation,  where,  by  the  absorption  of  eight  oqoivaients  of  ^•jwnky 
the  aiizaric  acid  is  coavsrled  into  anhydrous,  phihaUc  aad  onlle  arVk     » 


HOV-AZOTIZED   VBOBTABLB  OOHrOUKMi.  477 

SaUnne,  pbloridsioe,  aod  rhodeoretine,  which  would  formerly  have 
been  here  described,  are  now  treated  of  along  wiUi  substancea 
allied  to  (hem.  The  Bubstancee  now  to  be  brieny  menliooeit  have 
usually  been  termed  the  bitter  aod  extractive  principles  of  plants. 

Oentianine,  iroxagtniianalvtta,  forms  yellow  needles,  very  bitter. 
Menyanthine,  from  mengaalAn  tri/oiiata,  is  bitter,  bat  does  not 
crystailJEc.  Absinthine,  from  arUmitia  abtinlAium,  or  wormwood, 
ia  a  semi-cryatalline  maBs,  very  bitter,  soluble  in  alcohol.  Tana- 
cetine,  from  lanaeeiutn  vtdgart,  is  very  similar  to  iL  Santonine  ia  a 
beautifully  cr^stallizable  compound,  obtained  from  ariemtsia  contra. 
It  ia  soluble  m  alcohol,  bitter  to  the  lAste,  volatile,  and  colored 
yellow  by  the  action  of  light.  Populine,  from  the  bark  and  leaves 
of  populitt  trtmida,  forms  white  crystals,  of  a  sweetish  and  acrid 
taste,  colored  red  by  sulphuric  acid.  It  may  posubly  be  connected 
with  salicine.  Liriodendrine  is  a  cryatalline  bitter  substance,  from 
the  bark  of  linodendron  tvliptftra.  Picrolichenine  is  an  intensely 
bitter  crystalline  compound,  found  in  the  lichen  variolarta  atttara. 
It  is  principally  febrifuge.  In  contact  with  ammonia  and  without 
tlie  access  of  air,  it  is  changed  into  a  red  dish -yellow  matter,  which 
finally  deposits  yellow  crystals,  not  bitter.  With  access  of  air,  it 
yielda  with  ammonia  a  deep  red  very  soluble  matter.  Cetrarine  is 
another  bitter  principle,  from  the  lichen  tHraria  itlandica,  or  Ice- 
land moss.  It  is  colored  deep  blue  by  hydrochloric  acid.  It  ia 
said  also  to  be  febrifuge.  lUcine,  from  ilex  aqui/alium.  forms 
brownish  yellow  crystals,  very  bitter  and  febrifuge.  Syringine  ia 
the  bitter  principle  of  the  lilac,  tyring  mtlgari*.  It  is  crystalline 
and  soluble  in  alcohol.  Daphnine  is  a  bitter  crystalline  substance, 
obtained  from  daphne  metereon.  Uesperidine  is  a  crystalline  body, 
found  in  the  spongy  envelop  of  oranges  and  lemons.  Elaierine  is 
the  active  principle  of  monwrdica  tlaUrium,  is  crystalline,  bitter,  and 
very  pui^tive.  Its  formula  is  CnHit  Ot.  Colooynthine,  the  ac- 
tive principle  of  colocyntb,  is  amorphous,  intensely  hitler  and  pur- 
gative. Bryonine,  from  bryemia  alba  and  dioiea,  is  similar  in  its 
properties.  Mudarine  is  the  emetic  principle  of  ealolnynt  mudarii. 
It  is  a  brown  amorphous  matter,  the  solnticai  of  which  in  water 
gelatinises  at  95°,  and  becomes  again  liquid  on  cooling.  ScillitJne 
is  Ihe  bitter  of  teiUa  tnaritima.  It  is  amorphous,  bitter,  purgative 
and  emetic.  Cathartine  is  the  bitter  purgative  principle  of  senna. 
Antiarine,  Ci<H>t  Oi,is  the  active  principle  of  the  poison  culled  u^t 
antuir.  It  is,  when  introduced  into  a  wound,  especially  along  with 
soluble  matters,  snch  as  sngar,  a  most  powerful  poison,  and  hitherto 
no  means  are  known  by  which  its  fatal  action  can  be  arrt-sted. 

Zanthopicrine  is  a  bitter  crystalline  substance  from  tiie  bark  of 
zaniAoxj/ltim  dava  hercvlu.  It  lias  been  little  studied.  Picrotoxiue, 
the  bitter  principle  of  menupenntMt  toceulut  (ettrcuttu  tndievt), 
forma  white  prisms.  The  composition  of  these  is  not  certain,  and 
recent  researches  seem  to  show  thatpicrotoxine  is  n  vegetable  base. 
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and  contains  nitrogen,  like  all  that  class  of  compounds.  Colmii- 
bine  is  a  crystalline  bitter  substance,  obtained  from  colamba,  the 
root  of  menispermum  palmatum,  and  somewhat  analogous  to  picrot- 
oxine.  Quassine  is  a  yellow,  crystalline,  and  very  bitter  substance 
from  the  wood  of  quassia  amara.  Its  formula  is  said  to  be  Cm 
Hi.',  Ofl.  Lupuline,  the  bitter  principle  of  hops,  is  not  crystalliza- 
bio.     Lnctucine  is  a  crystalline  resinoid  bitter  substance,  from  the 

i'nice  of  laduca  virosa  (laciucarium).     It  has  anodyne  properties. 
Srgotine  is  an  uncrystallized  brown  powder,  extracted  from  ergot 
of  rye  by  hot  alcohol,  after  the  fatty  matters  have  been  removed 
by  ether.     It  appears  to  be  poisonous,  and  is  probably  the  actiFe 
matter  of  the  ergot.     Porphyroxine  is  a  cry  stall  izable  substance 
found  in  Bengal  opium.     Its  solution  in  diluted  acids  becomes  red 
when  boiled.     It  required  further  investigation.      Saponine  is  a 
peculiar  principle,  found  in  the  root  of  saponaria  (^dnalis.     It  is 
white,  amorphous,  and  has  a  taste  first  sweet,  then  stypic,  and 
finally  acrid.    It  is  a  powerful  sternutatory.   It  is  soluble  in  water, 
and  its  solution,  even  when  much  diluted,  froths  when  agitated, 
like  a  solution  of  soap.     The  root  is  used  as  a  detergent.     When 
acted  on  by  alcalies,  it  is  converted  into  an  acid,  saponic  acid.  Cm 
Hs  On.    Asparagine,  Cs  Hs  N2  O0,2HO,  is  a  crystallizable  sub- 
stance found  in  asparagus,  in  althtea  officinalis,  and  in  other  plants, 
especially  those  grown  in  the  dark.     When  boiled  with  alcalies  it 
loses  ammonia,  N  Ha,  and  forms  aspartic  acid,  Ci  Hs  NO«,  2  HO, 
which  is  a  bi basic  acid.    The  crystals  of  asparagine  are  very  large, 
colorless,  and  transparent,  also  hard  and  brittle.    Not  only  alcalies, 
but  acids  and  ferments  transform  it  into  aspartic  acid  and  ammonia. 
Smilacine  is  a  crystalline  substance,  found  in  smilax  sarsaparUla. 
Its  composition  is  CisHisOs.     In  China  nova  there  is  found  a  sub- 
stance very  analogous  to  smilacine,  the  composition  of  which  is  Cu 
H12O4  ;  that  is,  smilacine,  minus   1  eq.  water.     Senegoine  is  an 
acrid  and  astringent  substance,  found  in  pdygala  senega.    It  excites 
sneezing  powerfully  :  formula,  C^a  Hia  Oh.     Guaiacine  appears  to 
be  the  active  principle  of  guaiacum.    It  is  acrid  and  bitter.    Plum- 
bagine,  extracted  from  the  root  of  plumbago  europcea^  forms  yellow 
prisms,  the  taste  of  which  is  first  sweet  and  styptic,  then  acrid  and 
hot.     The  yellow  color  of  its  aqueous  solution  is  turned  cherry-red 
by  alcalies.      Cyclamine  is  a  crystalline  matter  from  the  root  of 
cyclamen  europceum.      It   is   very  acrid,   purgative,   and   emetic. 
Peucedanine  is  a  very  acrid  crystalline  principle  derived  from  the 
root  of  peucedanum  officinale  :   formula,  C4  Ha  O.      Imperatorine, 
Cn  Hii  O5,  is  a  crystallizable  compound,  obtained  from  the  root  of 
iaq>eratoria  ostruthium.     It  is  very  acrid  and  styptic.     Phillyrine, 
from  the  bark  of  various  species  o(  phillgrea,  crystallizes  in  silvery 
scales,  which  are  bitter.     Fraxinine,  from  the   bark  of  frcucmui 
excelsior,  is  a  crystallizable  bitter  principle.     Tanghine  is  a  similar 
anbstance    from    tanghima    madagascariemsis.      It  is    poiaoiMHU. 
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MelBmpjrine  is  a  tAsteless,  neutral,  crystalline  Bobstance,  from 
melampyrum  nemorotum.  Meconine  is  a  neutral,  crystalline  com- 
pound contained  in  opium.  It  ia  soluble  in  water,  alcoltol,  and 
ether.  It  is  acrid  to  ttie  taste,  fusible  and  volatile  :  formula,  Cid 
Ht  Ot.  With  nitric  acid  it  yields  nitromeconine  or  nitromeconio 
acid,  CioH»  N  Oil.  As  mecomne  may  be  Cx  Hio  Oi,  nitromeco- 
nine is  Qm  \  jj*Q  Oi;  in  which  1  eq.  hydrogen  ia  replaced  by  1 
eq.  nitrous  acid.  Chlorine  Iransfonna  meconine  into  crystals  con- 
taining chlorine,  wliich,  however,  by  the  action  of  alcalies,  yield 
an  aeid  free  from  chlorine,  mecliloic  acid,  ChHt  Oio? 

Cubebine,  CmHitOio,  is  a  crystalline  compound  conlnined  in 
cubebs.  Olivile,  CnHa  Ht,  is  a  crystal lizabte  acrid  substance, 
found  in  the  gam  of  the  olive-tree.  Olivine  is  another  crystalline 
matter  found  on  the  leaves  of  the  same  plant.  It  is  bitter. 
Cnicine  is  a  crystalline  matter,  found  in  cerUauna  bentdieta,  and  in 
the  numerous  family  of  the  cyTtarocephaha.  It  is  neutral  and 
bitter,  and  very  similar  to  columbine.  Its  formula  is  Cb  Hia  On, 
or  Cu  Hn  Oii  ?  and  in  some  respects  it  approaches  to  salicine  and 
phloridzinc  :  but  it  requires  further  investigation.  Limonine,  or 
limone,  a  bitter  crystalline  matter  found  in  the  seeds  of  oranges, 
lemons,  <&c.,  is  Ca  IIuOi],  when  reduced  to  42  eq.  carbon.  ThU 
would  be  cnicine,  minus  2  eq.  wat«r.  Angelicine  is  a  crystallized 
compound  found  in  angelica  root. 

Besides  the  above,  wnich  have  merely  been  briefly  catalogued  for 
want  of  space,  at  least  an  equal  number  of  substances,  chieSy  crys- 
tallizable,  and  either  bitter,  acrid,  or  in  a  few  cases  tasteless,  have 
been  extracted  by  various  chemists  from  many  different  genera 
and  species  of  plants,  but  Lave  been  so  little  examined  hitherto 
that  we  cannot  safely  describe  them  as  distinct  and  peculiar. 


I    COLORIHO    UATTSaS,    AND    ALLIED    BtlBBTANCBS. 

There  are  several  fine  and  valuable  colors,  which  contain  nitro- 
gen as  an  essential  element,  and  probably  in  the  form  of  ammonia 
or  amide.  Such  colors  are  archil,  litmus,  and  cudbear,  derived 
from  certain  species  of  lichens  ;  and  indigo,  derived  from  the  juice 
of  various  plants,  especially  different  species  of  indigofera.  All 
these  colors  are  derived  from  colorless  compounds,  frequently  of 
an  acid  nature,  by  the  combined  action  of  air  and  ammonia.  Of 
these  colorless  substances,  the  most  important  are,  lecanoric  acid, 
erythric  acid,  and  orcine, 

1.  Lecanoric  Acid,  or  lecanorine,  occurs  in  tecanora  tartarea, 
variolaria  lacUa,  and  other  lichens.  It  is  extracted  by  ether, 
along  with  nnotber  acid,  parellic  acid,  and  a  fatty  matter  colored 
^een  by  chlorophyll.  It  forms  minute  white  crystals,  insoluble 
in  water,  soluble  in  alcohol  and  ether.  Its  formula  is  Cia  Ha  Oi> 
HO  =  CbH»0».     Whcnheatedlo  212' it  becomes  anhydrous. 
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Cw  H<  Oi.  Wlieii  bcftted  with  alcalies,  such  as  baiyta,  a  ear- 
booACe  B  dcDosifeedy  and  a  sweet  sabstance  remains  dissolved, 
which  crrstailixes  on  evaporation.  This  is  orcine,  which  is 
lbriu«Hl  along  with  carbonic  acid,  according  to  the  following 
«4aadon : 

CnHt  Ot  =3COa  +  Ci6Hi04. 

lAliydnMU  Imaorie  acid.  Anhjdroaa  ordne. 

The  some  change  takes  place  when  lecanoric  acid  is  boiled  with 
water,  and  for  this  reason  orcine  alone  is  obtained  when  the 
lichens  are  extracted  by  that  solvent. 

By  the  combined  acdon  of  air  and  ammonia,  lecanoric  acid  is 
gradually  changed  into  a  deep  rich  blue  or  purple  mass.  Hero 
orcine  is  first  produced,  and  by  the  action  of  ammonia  on  that 
compound,  orceine.  the  blue  compound,  is  formed.  When  heated, 
lecanoric  acid  yields  a  sublimate  of  anhydrous  orcine.  When 
Knlt'd  with  alcohol,  it  is  gradually  converted  into  the  following 
cwK^pound. 

^.  Les\tn<^r^U  </  Oxuff  of  Ethyle.  Sm.  Pseudoerythrine  of 
Btf'r%  :  Krytkriste  of  AtfiK.  —  This  compound  is  formed  when 
ItVAr. v^r.o  acid  and  the  lichens  containing  it  are  boiled  with  alcohol. 
I;  i*  ^\ub'.o  in  ho:  water.  fn>m  which  it  crystallizes  on  cooling,  and 
t^c  sv^lu::v>n.  atVr  K^ng  boiling,  contains  orcine.  It  may  be  sub- 
Ma;<'\i  ui^ch.in^vl.  and  when  boiled  with  alcalies  it  yields  alcohol, 
carS>riio  acid",  and  orcine.  Its  true  nature  was  discovered  by 
Schunck.  who  also  first  detected  lecanoric  acid.  It  formula  is  Ca 
lUO*  =  Ci  Hs  O  +  Cis  Ha  Oa. 

LiHTsnonice  of  oxide  of  metbylc  is  analogous  to  the  preceding 
comp«>und. 

:^.  Orcine  forms  large  transparent  crystals,  is  very  soluble  in 
water,  and  has  a  sweet  taste.  When  anhydrous,  it  may  be  dis- 
tilled unchanged.  When  mixed  with  ammonia,  and  exposed  to 
the  air,  it  gradually  acquires  a  deep  blood-red  color,  forminc^  a 
nitrogenized  coloring  matter,  orc^inc,  soluble  in  ammonia  with  a 
deep  red,  in  fixed  alcalies  witli  a  rich  violet  color,  the  formula  of 
which  is  Ci«N  Ha  O7.  The  production  of  anhydrous  orcine  from 
lecanoric  acid,  by  boiling  with  baryta,  or  even  by  boiling  with 
water,  has  been  described  above.  But  the  crystals  of  orcine,  as 
deposited  from  its  aqueous  solution,  are  a  hydrate,  Cm  Hh  Ot  =  Cm 
Hi  O4  +  3  H  O.  It  is  this  hydrate  which,  with  the  addition  of  6 
eq.  of  oxygen,  and  1  eq.  of  ammonia,  yields  orceine  and  water. 

C16H11O7  -f  Oa  +  NH3=Ci6NHa  O7+6HO. 

> V '  ^ V ' 

nydrat4>d  orcine.  Orceine. 

Orcine  forms  with  oxide  of  lead  a  compound,  the  formula  of 
which  i8Ci«Ha04  +3Pbo. 

4.  PartHic  Acid, — Thi.s  acid  accompanies  lecanoric  acid.  It 
forms  either  minute  crystals,  the  formula  of  which  is  C«i  Ht  Om, 
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or  laTge  Iiydrnted  crystals,  which  are  transpnrent  and  of  great 
density.  The  formula  of  the  latter  is  Cii  H.  On  =  Cn  Hi  Ow, 
HO.  When  heated  to  212°,  both  kinds  lose  water,  and  become 
Cii  Hi  Ot,  which  is  probably  the  formula  of  the  anhydrous  acid. 

With  ammonia,  parcllie  acid  becomes  brown,  and  when  heated 
with  fixed  alcalies,  it  yields  carbonic  acid,  and  other  products,  not 
investigated. 

6.  £n/lkrie  Aeid.  Stn.  Erylhrine  of  Beeren ;  SrytAriline  of 
Kane;  Ortino-leeanorie  Add.  —  This  acid  is  found  in  parm^ia 
Tocetlla,  and  rocalla  tincloria,  the  latter  being  (he  lichen  which 
yields  the  best  archil.     It  may  be  extracted  by  hot-  wnler  and 

furiGed  by  alcohol.  It  crystalliies  from  alcohol  in  stellated  groups. 
U  solutions  are  decomposed  by  boiling,  yielding  a  bitter  com- 
pound, picroerythrine.  When  heated  it  yields  a  sublimate  of 
oreine,  and  when  boiled  with  alcniies  it  is  resolved  into  carbonic 
acid  and  oreine.  When  boiled  witli  alcohol,  it  yields  lecanorato 
of  oxide  or  ethyle.  All  these  facts  indicate  a  close  relation  to 
lecanoric  acid,  snd  Schunck,  who  discovered  the  erythric  acid,  has 
pointed  out  that  its  formula,  ChHj«Oii,  represents  a  compound  uf 
I  eq.  lecanoric  acid  and  1  eq.  oreine.  It  is  probably,  tnerefore, 
a  coupled  acid,  orcino- lecanoric  acid. 

CnH.  Oi      +     C»  Hii  Ot     =     Ck  Hi>  0». 


It  combines  with  4  eq.  of  oxide  of  lead,  three  of  which  proba- 
bly uail«  with  the  oreine,  and  the  fourth  with  the  lecanoric  acid. 
When  boiled  with  alcohol,  it  is  resolved  into  lecanoric  acid,  which 
unites  with  oxide  of  ethyle,  and  oreine,  which  is  found  in  soiution. 
It  must  also  yield  oreine  in  large  quantity  when  boiled  with  baryta, 
in  which  case  it  loses  S  eq.  of  carbonic  acid,  and  takes  up  3  eq. 
of  water. 

c-h-Ob -(- 3H0    =    a(C.»Hi.07) -f  aco*. 


In  other  words,  the  oreine,  ready  formed,  is  separated,  and  the 
lecanoric  acid  undergoes  the  change  formerly  described. 

Erytliric,  or  orci no- lecanoric  acid,  is  the  most  important  of  all 
the  principles  found  in  lichens  ;  but  from  the  facility  with  which  it 
is  altered  by  boiling  with  water  or  alcohol,  but  little  of  it  can  be 
extracted  unchanged.  When  acted  on  by  ammonia,  so  as  to  yield 
the  blue  matter  of  orchil,  the  lichens  containing  this  acid  obviously 
yield  a  large  proportion  of  the  compound  of  orceine  with  ammonia, 
on  wliich  the  color  depends.     Hence  their  superior  quality. 

Variolarine  is  the  name  given  to  a  substance  obtained  by  Robi- 
qnet,  from  variolaria  dealbaia.  It  has  been  little  studied,  and  U 
probably  identical  with  some  of  the  ccpipoands  above  described. 
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6.  Picroerythrine,  Sfn.  Erythrin-biUer  of  Eeeren;  jSmary- 
thrine  of  Kane,  —  This  compound  is  formed  when  erythric  acid, 
or  the  lichens  containing  it,  are  boiled  i^ith  water,  and  is  the  cause 
of  the  bitter  taste  of  the  decoction.  When  boiled  with  baryta>  it 
yields  orcine  and  carbonate  of  baryta,  and  when  heated,  it  yields 
a  sublimate  of  orcine.  This  is  easily  explained  by  its  formula, 
which  is  Cm  Hi4  Om,  that  is,  erythric  acid,  plus  6  eq.  of  water. 
For  the  exact  knowledge  of  all  the  preceding  substances  we  are 
indebted  to  the  recent  researches  of  Schunck. 

7.  Uanic  Acid.  —  This  acid  is  found  in  many  lichens,  such  as 
Uchen  rangifermiu$,  and  in  many  species  of  usnea,  ramaliiia,  parmt- 
lia,  biatora,  lecidea,  aleciora,  evemia,  and  cladonia.  It  is  extracted 
by  ether,  and  forms  sulphur  yellow  crystals,  insoluble  in  water 
and  alcohol.  Like  the  other  acids  of  the  lichens,  it  yields  colored 
compounds  under  the  influence  of  air  and  ammonia  or  fixed  alca- 
lies ;  but  these  appear  to  contain  no  nitrogen,  and  are  not  blue  or 
purple,  but  red.  It  cannot  be  made  to  yield  orcine,  so  far  as  is 
yet  known.  Its  formula  is  CssHitOu,  which  corresponds  to  2  eq. 
of  lecanoric  acid,  plus  Ca  Ha,  and  minus  Oa. 

9.  Chrysophanic  Acid, — This  is  another  crystallizable  acid 
found  in  parmelia  parietina.  It  forms  golden-yellow  crystals,  and 
with  alcoholic  solutions  of  potash  and  ammonia,  yields  a  splendid 
red  color.  Its  formula  is  CioHt  Os,  that  is  ^  of  (CwHiej  naph- 
thaline, plus  3  eq.  of  oxygen.  Its  salts  are  blue  or  violet  when 
dry,  red  in  solution.  This  acid  has  also  been  found  in  rhubarb 
by  Schlossberger  and  Doepping.  This  and  the  preceding  acid 
were  discovered  in  the  lichens  by  Rochleder  and  Heldt. 

9.  Archil  contains,  according  to  Kane,  two  blue  compounds, 
which  he  calls  alpha-orc^ine  and  beta-orc^ine,  CuHnNOs,  and 
Ci8  Hio  N  Ot ;  besides  a  third,  of  an  acid  nature,  erytkroleie  acid, 

CisHiiOa. 

10.  Litmus  contains,  according  to  Kane,  a  red  fluid,  erytbro* 
leine,  CisHuOi  ;  and  three  solids,  of  a  purple  color,  erythrolit> 
mine,  C26H23  Ois ;  azolitmine,  which  contains  nitrogen,  and  is  the 
principal  constituent  of  litmus;  and  spaniolitmine,  CisH?  Ois. 
According  to  Gelis,  litmus  contains  three  coloring  matters,  one 
soluble  in  ether,  which  is  orange-red ;  one  soluble  in  alcohol,  blood- 
red,  and  one  soluble  in  water.  The  second  is  the  chief  ingrc4ient 
of  the  dye.     All  give  blue  compounds  with  alcalies. 

]  1.  Phloridzeine  is  the  deep  blue  compound  formed  from  pUo- 
ridzine  by  the  action  of  air  and  ammonia.  Its  formula  is  C«i  Has 
Na  Oi6. 

13.  Indigo. 

This  valuable  dye  has  been  long  known;  but  it  is  only  since 
1827  that  its  chemical  relations  have  been  accurately  studied.  No 
substance  in  the  whole  range  of  chemistry  has  yielded  a  greater 
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Tariety  at  most  interesting  productB  ;  and  tbo  study  of  the  metiv- 
morphoees  of  indigo  has  already  tlirown  much  light  on  the  laws  of 
tlie  decomposiliuD  of  orgtmic  substances.  For  what  is  known  oa 
[his  iiubieut,  we  are  indubtcil,  tir$t,  in  point  of  lime,  to  Clievreuil, 
Kun;;e,  Walter  Cruni.  Liebig,  Berzelius  and  Dumas;  more  lately, 
and  in  an  especial  manner,  to  the  comprehensive  researches  of  Erd- 
mano,  Fritzsche,  and  Laurent;  the  last  of  whom  has  made  known 
si'veral  interesting  Beries  of  new  compounds  derived  from  indigo, 
aod  has  both  coniirmed  and  extended,  as  well  ascorrected.inRome 
cases,  the  previous  results  obtained  by  Erdmann;  eiill  more  recently, 
Hoffmann  and  Muspratt  have  gruatly  eit«nded  our  knowledge  of 
the  derivatives  of  indigo. 

Indigo  is  obtained  from  various  pliinls,  chiefly  of  the  genus  mdi- 
gofera,  as  /  tinttotia,  anil,  argmtta,  &c,  but  idso  of  otiier  genera,  a« 
jteriant,  iaaiU,  perpularia,  gymntma,  poiygonvTa,  Uphrosta,  amor- 
pha,  and  others.  In  the  juice  of  these  plants,  it  exists  in  the  form 
of  a  colorless  soluble  compound,  probably  a  compound  of  white 
indi^  with  an  alcali.  When  ezpo^^ed  to  tlie  air,  it  isconverted  into 
the  dIuc  compound,  nnd  becomes  at  the  same  time  insoluble,  jurt 
as  in  an  artilicial  solution  of  white  or  reduced  indigo  in  an  alcali. 
The  manufacture  of  indigo  is  not  thoroughly  understood,  but  it 
would  appear  that  ammonia,  as  well  as  air,  contributes  to  the  form- 
ation of  the  color,  probably  by  converting  into  white  indigo  some 
compound  present  in  the  fresh  juice,  the  nature  of  which,  howercr, 
is  still  uncertain.  In  the  Antillea,  in  tlie  East  Indies,  the  leaves  are 
made  to  ferment  in  water,  duriog  which  much  ammonia  is  formed, 
and  the  indigo  is  found  in  the  soluble  state,  ready  to  become  blue 
and  insoluble  by  absorbing  oxygen,  fiut  in  North  America,  the 
dried  leaves  are  infused  in  warm  water,  or  boiled  with  water  till  the 
liquid  becomes  green,  when,  on  exposure  to  the  air,  it  deposits  blue 
insoluble  indigo.  Here  the  same  change  must,  in  great  part  at 
least,  have  taken  place  during  the  drying,  as  during  the  fennenta- 
tion  of  the  other  process. 

The  indigo  of  commerce  is  a  deep  blue  powder,  often  cohering 
in  cakes,  and  exhibiting,  when  polished  by  rubbing  with  the  nail 
or  any  hard  substance,  a  coppery  color  and  lustre.  It  is  tasteless 
nnd  inodorous,  insoluble  in  water,  and  nearly  so  in  alehal  and  ether. 
It  may  be  purified  by  treating  it  successively  with  boiling  diluted 
sulphuric  acid  sad  with  water,  which  remove  a  glutinous  matter ; 
with  aqua  potossa,  at  a  gentle  heat,  which  dissolves  a  brown  col- 
oring matter;  and  with  boiling  alcohol,  which  lakes  up  a  red 
coloring  matter.  When  fresh  alcohol  becomes  no  longer  red,  but 
blue,  the  indigo  Is  as  pure  as  it  can  be  made  by  such  means. 

To  purify  it  still  fitrther,  it  is  digested  with  water,  lime,  and  grape 
or  starch  sugar,  which  deoxides  or  reduces  the  indigo,  while  the  lime 
combines  with  the  reduced  indigo,  forming  ssoluble  compound,  of 
a  wine-yellow  tint     This  being  filtered  mlo  dilute  hydrochknio 
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acid,' which  removes  the  lime,  deposits  pure  indit^o  as  a  blue  pow- 
der. Cloth  steeped  in  the  above  solution  of  indigo,  and  exposed 
to  the  air,  is  quickly  dyed  blue,  as  the  indigo,  ai  the  moment  of 
being  rendered  insoluble,  combines  with  the  tibre  of  the  cloth,  to 
which  it  adheres  very  firmly,  so  that  it  cannot  be  washed  away.  If 
indigo,  grape  sugar,  soda  and  alcohol  be  digested  together  in  proper 
proportions,  a  yellow  solution  is  obtained,  which  when  exposed  to 
air,  deposits  pure  indigo  in  crystals. —  (FriUsc/te). 

Pure  indigo,  when  rapidly  heated  on  a  slip  of  platinum,  volatilzes, 
yielding  purple  vapors,  which  condense  in  purple  crystals  on  a 
cold  surface.  These  crystals  are  called  indigotine  ;  but  they  are 
nothing  else  than  sublimed  indigo,  and  have  all  the  chemical  char- 
acters of  pure  indigo.  When  distilled,  indigo  yields,  among  other 
products  common  to  all  nitrogenized  organic  matters,  a  very  curious 
oily  liquid,  of  powerfully  basic  properties,  and  forming  salts  with 
acids  which  crystallize  with  singular  facility.  This  base  is  aniline, 
(benzidam,  crystalline,  kyanol,)  and  is  found  in  the  oil  of  coal-tar, 
as  well  as  in  the  products  of  distillation  of  many  nitrogenized 
bodies. 

Oil  of  vitriol  dissolves  indigo  with  a  deep  blue  color,  forming  two 
blue  acids.  This  solution  is  much  used  in  dyeing.  Nitric  acid, 
chloric  acid,  chromic  acid,  chlorine  and  bromine,  all  dissolve  indigo, 
giving  rise  to  oxygenized  and  chlorinized  or  brominized  products, 
all  of  which  are  yellow  and  orange-colored.  When  boiled  with 
strong  aqua  potassa,  indigo  is  also  oxidized  and  dissolved  iu  the 
form  of  new  acids. 

When  placed  in  contact  with  deoxidizing  or  reducing  agents, 
such  as  protosalts  of  iron,  tin,  and  manganese,  or  honey  and  grape 
sugar,  along  with  an  alcali,  such  as  soda  or  lime,  indigo  is  decolor- 
ized and  dissolved  in  combination  with  alkali.  The  addition  of  di- 
luted hydrochloric  acid,  air  being  carefully  excluded,  precipitates 
reduced  or  white  indigo. 

White  or  reduced  indigo,  CieHaNOa,  obtained  as  above 
described,  is  a  crystalline  powder  of  a  dirty  white,* which,  if 
washed  with  water  previously  boiled  to  expel  air,  and  cooled  in 
closed  vessels,  and  dried  in  vacuo,  is  bluish  externally,  but  gray 
within.  The  blue  parts  being  removed,  the  remainder  is  reduced 
indigo.  When  moist,  it  very  rapidly  passes  into  blue  indigo, 
oxygen  being  absorbed :  when  dry,  the  change  is  more  slowly 
effected.  It  is  insoluble  in  water  and  acids,  very  soluble  in  alca- 
line  solutions ;  its  solutions,  if  exposed  to  the  air,  deposit  pure 
indigo  blue,  as  a  powder. 

The  first  accurate  analysis  of  indigo  blue  was  made  by  Walter 
Crum ;  and  his  results  have  been  confirmed  by  all  succeeding 
experimenters.  The  formula  now  adopted  for  indigo,  as  agreeing 
best  with  its  numerous  metamorphoses,  is  one  first  proposed  by 
Pumas ;  namely,  CmHs  NOa.    This  formula  is  the  same  with 


ACnOK  OF  SDLPBUUO   ACID   ON   IKDISO'  465 

that  of  cyanide  of  benioyle,  or  of  benzUe,  Ci.  Hi  0»  +  Ci  N  =  Cw 
H.  N  0». 

The  relation  of  wbite  indigo  to  blue  indigo  is,  according  to  one 
fiew,  the  same  as  that  of  hyduret  of  benzojie  to  henzoyle,  or  of 
alloxantioe  to  alloxan.  Thus  we  have, 
Benzoyle  .  Cit  Hi  0>  Hyduret  of  Benzoyle  Cit  Hi  Oi  -)-  H 
Alloxan  .  C.  Ht  N»  Oio  Alloiantine  .  .  .  C.H.NiOie  +  H 
Indigo  blue  CkHiN  Oi  Indigo  white  .  .  .  C»HtN  Oi-j-H 
According  to  another  hypothesb,  white  indigo  is  the  hydrate 
of  an  infenor  degree  of  oxidation  of  the  same  radical  of  which 
blue  indigo  ia  the  higher  oxide.  Blue  indigo,  on  this  view,  is  Cis 
Hi  N  +  0».  and  white  indigo  is  a  hydrate,  CitHsN+O  +  HO 
This  latter  view  is  the  more  probable,  not  only  in  regard  to  indigo, 
but  also  in  regard  to  alloxan,  for,  assuming  uryle  to  be  Ci  Ni  0* 
=  Ul,  alloxan  will  be  Ul  +  Oi  +  4  H  0,  and  alloxantine  will  he 
U1  +  0  +  5H0. 

The  action  of  gmpe  sugar,  in  reducing  indigo,  tells  in  favor  of 
the  latter  hypotnesis.  For  if  while  indigo  is  blue  indigo  plua 
hydrogen,  this  hydrogen,  is  derived  from  water,  the  oxygen  of 
which  must  have  combined  with  the  hydrogen  of  the  sugar  f  to 
convert  the  sugar  into  formic  acid,  which  is  produced  in  tnia 
operation).  Here,  then,  we  should  have  oxygen  leaving  hydrogen 
to  combine  with  hydrogen,  or,  in  other  words,  water  produced  and 
decomposed  at  the  some  time,  which  is  in  the  highest  degree  im- 
probable. To  demonstrate  this,  let  the  radical  of  indigo  be  assumed 
to  be  anyle  =  Ck  Hi  N  ^  An  :  let  blue  indigo  be  An  Oi  and  white 
indigo  An  0> .  H,  or  An  0,  H  O.  Then  12  eq.  of  blue  indigo,  12  of 
water,  and  1  of  grape  sugar,  act  on  each  other,  and,  according  to 
the  view  which  ronkes  while  indigo  the  hyduret  of  blue  indigo,  the 
reaction  is  as  follows;  12  An  Oa  +  12  HO -f  di  HuO.i  =  12 
(An03,H)-]-G  (Ci  H03)  +  6  HO.  In  this  explanation  ills 
evident  that  6  eq.  of  oxygen  have  quitted  hydrogen  to  combine 
with  hydrogen.  On  the  other  view,  the  reacdon  is  as  follows, 
free  from  any  such  absurdity:  12  An  Os  +  12H  O  +  CuHiiOit 
=  12AnO,HO  +  6(Ci  HOa)  4-6  HO.  Here  the  12  eq.  of 
deutoxide  of  anyle  (blue  indigo)  lose  12  eq.  oxygen,  which  are 
replaced  by  12  eq.  water ;  and  the  12  eq.  oxygen  acting  on  the 
,  6  eq.  take  6  eq.  hydrogen,  forming  water,  and  6  eq.  con- 


We  shall  therefore  consider  white  indigo  as  the  hydraled 
protoxide  of  anyle  (C.  Hi  N,  0 -|- H  0,)  and  blue  indigo  as 
the  anhydrous  deutoxide  (ChHj  N,  Oa).  White  indigo  forms 
compounds  with  bases,  in  which,  no  doubt,  its  hydratic  water  is 
replaced  by  an  equivalent  of  metallic  oxide,  as  in  the  general 
formula,  C«HiN,0  + MO. 
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ACTION  OF  SULPHURIC   ACID   ON  INDIGO. 

Wlien  powdered  pure  indigo  is  added  to  15  parts  of  oil  of  vit- 
riol, and  ^anily  warmed,  a  deep  bine  solution  is  formed,  which 
mixes  perfectly  with  water.  But  if  only  8  or  10  parts  of  acid  are 
used,  the  addition  of  water  causes  the  deposition  of  a  purple 
powder,  while  a  blue  solution  is  obtained.  The  purple  powder, 
which,  although  insoluble  in  dilute  acid,  is  soluble  in  pure  water, 
is  sulphopurpuric  acid  ;  the  blue  solution  contains  two  acids,  sul- 
phoindigotic  and  hyposulphoindigotic  acids.  When  neutralized 
with  potash,  these  acids  form  salts,  which  separate  from  the  liquid 
when  it  is  saturated  with  any  alcaline  salt,  such  as  acetate  or  car- 
bonate of  potasb.  The  two  blue  salts  may  be  separated  from  each 
other  by  alcohol,  but  the  composition  of  the  hyposulphoindigotate 
of  potash  is  not  known.  The  sulphoindigotate  appears  to  be 
strictly  a  hyposulphoindif^otate,  and  its  formula  is  in  all  probabili- 
ty CieHi  N  Oa,  Sa  O5  -f  KO.  Here  the  indigo  has  lost  1  eq. 
of  hydrogen,  and  the  2  eq.  sulphuric  acid  1  eq.  oxygen.  Dumas' 
view,  according  to  which  the  salt  is  a  double  sulphate,  analogous 
to  sulphovinate  of  potash,  Cie  Hi  N  0,  S  O3  +  K  0,  S  O3,  is  not 
supported  by  the  chemical  relations  of  these  substances.  Dumas 
conjectured  that  indigo  blue  was  analogous  to  alcohol,  and  that  its 
formula  was  Cie  H4  N,  O  +  H  O,  the  body  Cn  H4  N,  0,  being 
analogous  to  oxide  of  ethyle.  But,  as  already  stated,  this  view  is 
far-fetched,  and  does  not  agree  with  the  chemical  relations  of 
indigo.  It  would  make,  for  example,  white  indigo  Cie  H4  N,  0  + 
H  +  H  O,  or  C16  N  H4  +  2  H  0,  both  must  improbable  formulae. 

The  blue  solution  of  indigo  in  oil  of  vitriol,  if  diluted  and 
digested  with  flannel  or  woolen  cloth,  is  entirely  deprived  of  blue 
color,  while  the  cloth  is  so  effectually  dyed  that  the  color  cannot 
be  washed  out.  It  can,  however,  be  dissolved  from  the  cloth  by 
carbonate  of  ammonia,  and  by  this  means  the  sulphoindigotates 
of  ammonia,  and  from  these  the  other  salts  of  the  blue  acids,  are 
prepared. 

The  sulphopurpuric  acid,  according  to  Dumas,  contains  the  ele- 
ments of  2  eq.  sulphuric  acid  and  2  eq.  indigo,  and  neutralizes 
onlv  1  eq.  of  base.  But  the  indigo  in  it  has  probably  lost 
hydrogen,  (while  the  acid  has  lost  oxygen),  or  hydrogen  and 
oxygen. 

PRODUCTS   OP   THB  OXIDATION   OF   INDIOO. 

Isatine,  CwHsNOi.  —  This  interesting  compound,  which  is 
blue  indigo  plus  2  eq.  oxygen,  is  formed  by  digesting  indigo  alon'»- 
with  water,  sulphuric  acid,  and  bichromate  of  potash,  or  by  heat- 
ing indigo  with  weak  nitric  acid.  It  dissolves,  and  the  solution  on 
evaporation  deposits  aurora-red  crystals  of  isatine,  sparingly  solu- 
ble in  cold  water,  more  soluble  in  hot  water  and  in  alcohol.  By 
the  action  of  chlorine,  it  yields  two  compounds  in  which  h jdrogoi 
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is  pBrCinll^  npltoed  hy  chlorine.  It  nMf  tm  n^aliBzed  if  heated 
on  a  plnte  of  metal.  When  acted  on  by  a  strong  solution  of  pot* 
ash,  isatine  is  dissolved  with  an  intense  viotel  color,  which  on 
addition  of  water  and  eyaporatioD  changes  to  yellow,  and  the  liquid 
deposits  pale  yellow  crystals,  which  contain  potash,  nnitea  to 
a  new  acid,  isatinic  acid,  fonned  from  isaiine  hy  the  addition  of  I 
eq.  water.  When  separated  from  its  salts  by  stronger  acids,  isa- 
tinic acid  is  at  once  resolved  into  isatine  and  water ;  but  if  isaljnate 
of  lead  be  decompoaed  by  sulphuretted  hydrogen,  and  the  filtered 
solution  evaporated  spontaneously  in  vacuo,  the  acid  is  obtained  as 
a  wliite  floeculent  powder,  which,  when  dissolved  in  boiling  water, 
instantly  becomes  red,  end  the  solution  on  cooling  deposits  crys- 
tals of  isatine.  Isatinic  acid  is  Cit  H«  N  Oi  H  0.  Its  salts  have 
Die  formula  Cm  Hi  N  Oi ,  M  0.  The  violet- colored  compound  first 
formed  whrn  isatine  acts  on  potash,  is  a  compound  of  isatine  and 
potash,  which,  when  heated  with  water,  soon  passes  into  isatinate 
of  potash,  With  sulphurous  acid,  or  rather  sulphites,  isatine 
forms  salts  of  the  formula  CkHi  NO*.  2S0i +M0  ;  which 
may  be  formed  also  by  the  action  of  sulphurous  acid  on  isatinatea. 

By  the  action  of  chlorine,  isatine  is  converted  into  two  com- 
pounds, ehlorisatine  and  bichlorisatine.  When  chlorine  is  passed 
through  isatine  or  indigo  suspended  in  water,  both  these  componnds 
are  formed,  and  they  are  separated  by  crystalliiation,  ohlorisatioe 
being  the  least  soluble  of  the  two. 

Chlorisatine,    C«  4„*N0t,  fonns  transparent  orange-yellow 

four-sided  prisms,  isomorplions  with  isatine,  and  very  analcvoua  to  it 
in  all  respects.  When  acted  on  by  potash,  there  is  first  fonned  m 
deep  red  solution,  which  when  heated  soon  becomes  yellow,  and 
on  cooling  deposits  brilliant  pale  yellow  crystals  of  chlorisatinate 

of  potash,  Ctt  |p.'  NOi,EO,  a  salt  perfectly  analogous  to  in- 
tinate  of  potash,  and  containing  an  acid,  chlorisatinic  acid,  which 
is  chlorisatine  plus  I  eq.  water.  CkHj  CINt)!.  Like  isAtinio 
acid,  when  separated  from  its  salts  it  is  speedily  resolved  into  chlor- 
isatine and  water.  Chlorisatinate  of  silver,  Cm  j^.'NOi,  Ag  O, 
forms  yellow  crystals,  soluble  in  hot  water.  Chlorisatinate  of 
baryta,  C*  -j™*  NO«,BaO,  +  Saq.,  forma  golden  yellow  tables. 
Chlorisatinate  of  lead,  Ch  Jq.'  NOi,  Pb  0,  when  first  precipi- 
tated from  the  salt  of  potash  hy  nitrate  of  lead,  forms  a  gelatinons 
yellow  precipitate,  which  soon  becomes  floeculent,  acquiring  a 
splendid  scarlet  color.  The  red  salt  is  crystalline,  tbe  yellow 
amorphous.  Chlorisatinate  of  copper  forms  at  first  a  brownish 
vellow  bulky  {Meiintate,  which  soon  changw  to  ft  heary  granular 
blood-red  powder. 
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Like  the  isatinates,  the  chlorisatinates  combiDe  with  the  sulphur- 

l  IT 

ous  acid,  forming  salts  of  the  formula  Cie  -Jq/  N  O4,  2  S  Oa  + 

MO.  In  short,  the  analogy  between  isatine  and  chlorisatine,  isa- 
tinates  and  chlorisatinates,  ^c,  is  such  as  to  furnish  a  very  beauti- 
ful example  of  the  substitution  of  chlorine  for  hydrogen,  while  the 
type  or  chemical  character  of  the  compound  is  unaffected.  In 
bichlorisatine,  we  shall  see  an  additional  example  of  the  same  truth. 

Bichlorisatine,  Cif  \^  N*04,  is  formed  along  with  the  pre- 
ceding compound.  It  is  more  soluble  than  chlorisatine,  but  is 
otherwise  remarkably  similar  to  it.  With  aqua  potassse  it  first 
forms  a  deep  red  solution  (here,  as  in  the  case  of  isatine  and  chlor- 
isatine, a  compound  of  it  with  potash),  which,  when  heated, 
changes  to  yellow,  and  on  evaporation  yields  yellow  scales  of  a 
salt  composed  of  potash  and  bichlorisatinic  acid.  The  acid  may 
be  separated  by  stronger  acids  as  a  yellow  powder,  which,  when 
dissolved  and  warmed,  is  resolved  into  bichlorisatine  and  water. 

Its  formula  is  C16  -Jqj*   NOs.HO.      The   salt  of   baryta,    Ci« 

•Jp/  NOs.BaO,  forms  golden-yellow  needles.      The  salt    of 

copper  is  at  first  bulky  and  brown,  but  soon  becomes  greenish- 
yellow  and  crystalline,  and  finally,  a  heavy  granular  powder  of  a 
fine  carmine  red  color. 

Bichlorisatine  with  sulphites  forms  compounds  analogous  to 
those  above  mentioned  of  isatine  and  chlorisatine.  In  this  case 
also,  therefore,  the  type  is  perfectly  retained,  although  2  eq.  of  the 
hydrogen  of  isatine  have  been  replaced  by  chlorine. 

Bromine  acts  on  isatine,  and  forms  two  compounds,  bromisatinc 
and  bibromisatine,  entirely  analogous  to  chlorisatine  and  bichlori- 
satine, forming  bromisatinic  and  bibromisatinic  acids,  and  also 
compounds  with  sulphites  analogous  to  those  just  mentioned.  We 
have,  therefore,  from  isatine  and  isatinic  acid,  by  substitution,  the 
following  compounds : 

Isatine Cie     H5  N  O4 

Isatinic  acid    .   .   .   .  Cie     Hf  N  O5  -{-H  O 


H4 
CI 

ChlorisaUnic  acid  .   .  Cm  ^  9/  N  O5  -f  H  O 


Chlorisatine     .   . .   .  Cie  ^  p,.*  N  O4 


Bichlorisatine     ...  Cie 


CI 

jcuNo. 


Bichlorisatinic  acid    .  Ci«  j  ^J  N  Os  -f  H  O 

R     N  O4 

15/  N  Of  +  H  O 
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BibromisatiDO    .   .   .  Ci*  }b*,N04 

BibromiBEtinic  acid    .  Cn  J  ^j,*  N  Oi  +  H  O 

IsatinMulpbites      .  .  C»     Hi'n  04.3  8  Oj +H0 

ChbriaatinoBwlphitfiB    Cii  J^»  N  0„a80, +M0 

Bichlorisatinosulphites Cra  j  ^?  N04,9SOj  -f  U  O 

BromiBBtinosulpbites    Cm  |^*  N  04,9  SOi  +  HO 

BibromiEatinosulphites C>i  <^'  NOi.SSOi  +M0. 

Hoffmnn  has  lately  shown  that  isatine  wbea  heated  with  potnah, 

yields  anlllQe,  (see  aniline),  nnd  that  chlorisaljne,  bromisatine,  &e., 

when  treated  in  the  same  way,  yield  coinpoonds  of  the  type  of 

aniline,  in  which  hydrc^n  is  replaced  by  chlorine,  bromine,  or 

both.     Some  of  these  compounds  retain  the  basic  character,  and 

are  therefore  very  interesting,  as  the  first  examples  of  such  chio- 

riniied  or  bruminized  bases.     A  table  of  the  compounds  derived 

by  substitution  from  aniline  is  given  under  that  substance.     Here 

we   have  only  space  to  mention  that  chloraniline,  dichloraniline, 

bromaniline,  and   dibromaniline,   are   crystalline    volatile   bases, 

forming  crystallizable  salts,  and  very  analogous  to  aniline  :  while 

in  tricbloraniline,  uibromaaiUne,  ch I orodi  bromaniline,  the  basic 

character  is  lost. 

Isatj^de,  C,<H«  NO4  =  CkHi  NO..H,  is  formed  when  an 
alcoholic  solution  of  iaaline  is  acted  on  by  sulphide  of  ammonium. 
It  is  a  gray  crystalline  powder,  and  may  be  considered  to  represent 
isatine  plus  1  eq.  hydrogen. 

Sulphesatyde,  Cie  H«  N  ]  g  '  is  isalydc,  in  wfaich  S  cq.  oxygen 
are  replaced  by  salphnr.  It  is  formed  by  the  action  of  sulphur- 
etted liydroj^en  on  isatine  dissolved  in  alcnbol,  and  is  a  grayish- 
yellow  amorphous  powder.  Sulphisatine  is  the  name  of  a  compound 
obtained  in  tbu  snme  way  by  Erdmann,  which  he  considers  to  be 
different  from  sulphesatyde. 

Cblorisatyde,  Cn  J  q.'  N  O4 ,  is  a  white  powder  somewhat  crys- 
talline, obtained  by  the  action  of  stilphide  of  ammonium  wi 
chlorisatine.  It  is  perfectly  analogous  to  isatyde.  By  the  action 
of  sulphuretted  hydrogen  on  chlorisatine,  a  compound  is  formed 
which  is  Cm  j  ^.'  N  8* ;  that  is  cblorisatyde,  in  which  all  the 
oxygen  is  replaced  by  sulphur. 

Bichlorisatyde,  Ca  i  ^*^  N  0.,  and  bibromisatyde,  Cn  j  ^*^ 
N0«,  are  perfectly  analogous,  ia  formation  and  properties,  to 
cblorisatyde. 


490  pttoDurrrs  dsrivkd  from  nmioo. 

Sulphasatyde,  Cie  He  N   -j  o  ^  is  formed  bj  the  action  of  potash 

on  sulphesalyde,  from  which  it  differs  in  having  only  1  eq.  oxygen 
replaced  by  sulphur.     It  is  a  white  crystalline  powder. 

Indine»  Cie  He  N  Os  is  a  crystallized  substance  of  a  beautiful 
rose  color,  formed  by  the  action  of  potash  on  sulphasatyde,  along 
with  the  preceding ;  or  by  the  action  of  potash  on  sulphasatyde  or 
isatyde.  In  the  last  case  isatinate  of  potash  is  also  formed:  thus, 
3(C«6H(.N04)  +  2KO  =  2(KO,Ci6H«N05)  +  CrtHeNO,. 
It  is  sulphesatyde,  minus  2  eq.  sulphur,  and  is  also  isomeric  with 
white  indigo.  It  is  decomposed  by  nitric  acid  and  by  bromine, 
which  give  rise  to  new  products. 

When  indine,  moistened  with  alcohol,  is  covered  with  a  lukewarm 
solution  of  potash,  it  forms  a  black  solution  which  in  a  few  moments 
becomes  a  semi-solid  mass  of  black  needles,  which  are  a  compound 
of  potash  with  indine,  or  rather  with  indinic  acid,  an  acid  formed 
from  indine,  like  isatinic  acid  from  isatine,  by  the  assimilation 
of  1  eq.  water,  and  which  is  very  easily  again  resolved  into  indine 
and  water. 

Hydrindine  is  a  yellow  crystalline  compound  formed  by  heating 
indine,  sulphasatyde,  or  isatyde  with  potash.  Its  composition  is 
Ca  Hi3  Ns  Os ,  that  is,  2  eq.  indine  plus  1  eq.  water ;  and  when 
strongly  heated,  it  is  resolved  into  indine  and  water.  It  is  not  com- 
posed of  these  substances,  however,  for  it  forms  with  potash  a  white 
salt,  hydrindinate  of  potash.  The  acid  in  this  salt  appears  to  be 
formed,  like  some  of  those  already  described,  by  the  addition  of 
water  to  hydrindine ;  its  formula  is  probably  Cm  His Ns 07,2  H  O. 

Nitrindine,  Cis  H4  Na  O7,  is  a  beautiful  violet-colored  powder 
formed  by  the  action  of  nitric  acid  on  indine  and  hydrindine. 
It  is  indine,  in  which  2  eq.  hydrogen  are  replaced,  one  by  oxygen 

the  other  by  nitrous  acid,  Cif   •<  N  O4   >•  N  Os. 

I  0   ) 

Chlorindine,  Cie     ]  q.*  N  O3+  2  H  O,  is  a  powder  of  a  dirty 

violet  color,  formed  by  the  action  of  heat  on  chlorisatyde. 
Analogous  compounds  are  obtained  from  bi chlorisatyde  and  bi- 
bromisatyde.  Bichlorindine  is  like  chlorindine.  Bibromindine  is 
very  dark  red,  and  dissolves  in  alchohol  with  a  fine  purple  color. 
The  action  of  potash  on  isatyde  appears  to  be  the  type  of  its 
action  on  chlorisatyde,  bromisatyde,  bichlorisatyde,  and  bibromisa- 
tide.  When  isatyde  is  acted  upon  by  potash,  it  yields  isatine  (or  isa- 
tinate of  potash);  indine  (or  indinate  of  potash);  and  hydrindmc  (or 
hydrindinate  of  potash).  6  eq.  isatvde,  (6  C16H0  NO4)  are  equal 
to  4  eq.  isatine  (4  Cw  Hs  N  O4 )  +  2  eq.  indine  (2  Ci«  He  N  Osl-|- 
4  eq.  water:  or  they  are  equal  to  4  eq.  isatine(4Ci«  Hs  N04)+  1 
eq.  hydrindine  (  Ca  His  Na  Oi )  +  3  eq.  water.   Both  ctMOgm  prolh 
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ably  occnr,  and  tbe  three  componndB,  isatine,  Indine,  ud  hydrtn- 
dine,  Rlike  take  up  tbe  elemeDts  of  water  to  form  the  aoida,  wbicb, 
to  avoid  coDfusion,  are  not  here  expressed.  Now  there  ib  good  rea- 
son to  believe  that  precisely  Kae,\ogo\u  changes  occur  when  potash 
acts  on  biehlorisatyde  and  on  bibromiaatyde,  each  yielding  thre«  - 
correspond ine'  compounds,  and  three  acids  derived  from  these. 
The  reader,  by  strictly  following  the  analo|^  of  the  formula  given 
above  for  the  action  of  potash  on  isatyde,  will  easily  be  able  to  coo- 
strucC  tbe  equations  for  tbe  other  analogous  cases. 

When  suiph^satyde  ia  acted  on  by  bisulphite  of  ammonia,  there 
is  formed,  among  other  products  not  fully  investigated,  a  salt  formed 
of  ammonia  united  Co  a  new  acid,  sulpbisatanous  acid,  quite  difier- 
rent  from  the  acid  in  the  salts  formed  when  isatine  is  acted  on  by 
sulphites.  Thisnewacidis  Ci<H>  N  Oi.SSOi  +  HO.orperhapa 
rather,  C.iH.N  \2gQ  [  +  HO;  tbatis,  sulpbfisatyde,  inwhich 
the  2eq.  of  sulphur  have  been  replaced  by  ft  eq.  sulphurous  acid. 

The  ikction  of  bisulphite  of  ammonia  on  sulpb^tyde  some- 
times gives  rise  to  the  rormalion  of  different  products:  among  others, 
to  an  insoluble  whit«  powder,  isatnn,  Co  H*  N  Oi,  which  when 
heated  yields  isatine  and  indbe,  3  ( C«  H>  K  Oi )  10=  Cm  Ui  N  0« 
+  S(ChH<  NOi)+ HO.  Both  indine  and  nitrindine,  when 
acted  on  by  bisulphite  of  ammonia,  appear  to  produce  compounds 
analogous  to  those  derived  from  sulphesatyde. 

Chtorindopten  is  the  name  given  by  Erdmann  to  a  volatile  crys- 
talline substance,  formed  along  with  tbe  chlorisatine  and  hichlor- 
isatine,  when  chlorine  acts  on  indigo.  When  the  chtorinixed  masa 
is  distilled  with  water,  this  substance  passes  over  in  white  crystala, 
which  are  acid,  and  evidently  a  mixture  of  two  substances.  When 
this  chlorindopten  is  heated  with  potash,  a  neutral  substance  passes 
over,  in  white  crystals  similar  to  the  original  ones ;  this  is  chlor- 
indatmit ;  while  the  potash  retains  an  aeid  of  a  disagreeable  odw, 
clilorindoptenic  acid. 

Chlorindoptenic  acid.  On  Ht  CI3  0,  H  0,  is  separated  from  its 
potash  salt  by  acids,  as  a  white  flocculent  matter  of  a  very  disa- 
greeable odor.  Laurent  has  identified  it  with  his  chloropnenisie 
acid,  an  acid  derived  from  coal-tar  by  the  action  of  chlorme,  and 
makes  its  formula  Cii  \ 


be  trichloraniline,  Cn  ]  ™'  [  N.  —  (Bh^mmn). 

By  the  farther  action  of  chlorine  on  chlorisatine  or  bichlorisa* 
line,  dissolved  in  alcohol,  new  compounds  are  formed,  among 
which  are  chlorinized  chlorindopten,  which,  like  chlorindopten,  is 
a  mixture  apparently  of  chiorindatmit,  with  an  acid,  chlorinised 
chlorindoptenic  acid,  Cu  Cli  0,  H  0  ;  which  is  tbe  chloropbenuuc 
acid  of  Laurent.    This  add  is  accompanied  by  chloranile,  Cs  Ch  04t 
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a  neutral  body  in  volatile  golden  yellow  scales,  soluUe  in  hot  alco- 
hol, which  Ih  also  derived  from  the  oil  of  coal-Ur,  or  ratfier  from 
the  hydrate  of  phenyle  or  carbolic  acid  of  that  oil»  from  which 
chlorophenisic  and  chlorophenusic  acids  are  obtained. 

Chloranile  dissolves  in  weak  potash  with  a  deep  purple  color, 
and  the  solution  deposits  dark  purplish -red  crystals,  composed  of 
potash  and  a  new  acid,  ch  lor  anil  ic  acid.  This  acid  fonns  scarlet 
or  yellow  crystals,  according  as  it  contains  water  of  crysUJliaation 
or  not.     Its  formula  is  C12  CU  Oc,  2  H  0,  or  C«  CI  O3,  H  O. 

When  chloranile  is  acted  on  by  aqua  ammonise,  it  is  dissolred, 
furnoing  a  blood-red  solution,  which  deposits  chesnat-brown  crys- 
tals of  chloranilammon,  C«  H3  H  CI  O3  -1-  4aq.  =  C«  CI  Oa  +  N 
II3  +  4aq.  It  dissolves  in  water  with  a  purple  color,  and  when 
a  8aturat(*a  solution  is  mixed  with  hydrochloric  acid,  it  deposits 
very  brilliant  black  needles  of  great  length.  These  are  a  new 
compound,  chloranilam,  C12  CI2  II3  N  Oe  =  C12  Cla  Of  +  NHa  ; 
that  is,  2  eq.  of  chloranilammon,  2  (Cfl  C103,NH3)  =  Ci*  Cla  Ot, 
Nfl  He,  minus  1  eq.  ammonia  N  Hs .  Both  these  compounds  give  pre- 
cipitates with  metallic  solutions,  which  are  the  same  from  both,  bat 
distinct  from  those  formed  by  chloranilic  acid  or  its  salts.  Chlo- 
ranilammon, according  to  Laurent,  is  the  ammonia  salt  of  an  acid 
conlniuing  amide  as  an  ingredient.     Chloranilam  is  the  acid  itself. 

By  the  action  of  ammonia  on  isatine  there  are  produced  several 
new  compounds,  varying  with  the  strength  of  the  ammonia,  and 
the  menstruum  employed.  In  these  compounds,  oxygen  is  replaced 
by  amide,  N  Ila,  or  imide,  ^N  II  =  Im. 

Iniesatine  is  formed  when  dry  ammonia  is  passed  through  an 
alcoholic  solution  of  isatine.     It  forms  tine  deep  yellow  crystals, 

the  formula  of  which  is  Ci«H«  Na  Oa  =  Ciella  N  •<  j  * 

Imasatine  is  formed  when  aqua  ammoniae  acts  on  a  solution  of 
isatine  in  alcohol.     It  is  a  grayish-yellow  crystalline  substance, 

the  formula  of  which  is  CiellsN  •1x^9 

Imasatinic  acid  is  formed  along  with  the  preceding,  and  is  dis- 
solved along  with  ammonia.  By  the  addition  of  an  acid  it  is  pre- 
cipitated as  a  beautiful  scarlet  crystalline  powder,  soluble  in  hot 
alcohol,  which  deposits  it  in  splendid  tabular  crystals  similar  to  the 
sublimed  periodide  of  mercury.  It  dissolves  sparingly  in  acids 
with  a  violet  color,  and  these  solutions  deoosit  violet  crystals.     Its 

formula  is  CicHsN  j  JJ^  I  +H0. 

Amasatinc  is  formed  along  with  the  two  preceding  bodies.  It 
has  a  fine  yellow  color,  and  dissolves  in  acids  with  a  violet  color, 
apparently  passing  into  imasatinic  acid.      Its  formula  is  CicHs 

N   jju  +HO(Ad  =  NHf=:  amide). 
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The  aoslogy  between  clilorisatine,  Ac.,  taiA  isatlne,  bolds  id 
regard  to  (he  aclion  of  ammonia  on  them.  By  the  action  of  dry 
ammonia  on  an  alcoholic  solution  of  clilorisatiae  there  is  formed  a 
yellow  crystalline  compound,  analogous  to  imesatine.  It  is  called 
imcchlorisatioase,  and    its  formula  is  Ci«  j  „,' f  N    John 

Imachlorisatinase  is  Analogous  to  iniasatine.  Its  formula  n 
'^"  1  CI    (  ^    Inh      It  forms  brownish-yellow  crystals. 

Imabromtaatinese,  formed  by  the  actioD  of  dry  ammonia  on 
bibromisatioe  in  alcohol,  is  Cu  }  d  '  |  N    i  -^'ti     It  ia  a  deep 

orange  crystalline  powder. 

We  have  now  briefly  run  over  the  catalogue  of  the  very  remark- 
able compounds  derived  from  indigo  by  the  aclion  of  sulpburie 
acid  and  bichromate  of  potash,  which  produces  isatine,  and  by  tho 
action  of  chlorine  either  on  indigo  or  on  isatine,  of  bromine  on  the 
same,  and  of  potash,  ammonia,  Bulpburett«d  hydrogen  and  sul- 
phide of  ammonium  on  the  products  of  these  actions.  The  nomen- 
clature of  these  compounds  is  in  a  very  imperfect  state,  ond  requires 
reformation,  but  this  cannot  be  effected  until  the  substances  them- 
selves have  been  more  thoroughly  studied.  It  is  most  important 
to  observe,  that  by  or  through  chloranile  and  the  chlorindoptenio 
acids,  the  series  to  ifhich  indigo  belongs  connects  itself  with  that 
of  carbolic  acid  or  hydrate  of  phenyle,  (lo  be  afterword  described), 
and  these  again  with  the  series  of  salicyle.  We  have  now  to  men- 
tion one  or  two  products  of  the  action  of  nitric  acid  on  indigo  which 
are  common  to  all  these  series,  and  like  chloranile,  seem  likely  to 
be  very  frequently  met  with  as  products  of  the  decomposition  of 
organic  compounds. 

AnUk  Acid.  Srs.  Indigotie  Acid;  Nitrosalicylic  Acid,  Cn  H.  N 
Oa,HO.~— Thb  acid  is  formed  by  the  long- continued  action  of 
weak  nitric  acid  on  indigo.  It  is  also  formed  in  Che  preparation  of 
isatine,  if  the  action  be  pushed  too  far.  It  is  identical  with  nitro- 
salicylic  acid,  obtained  by  the  action  of  nitric  acid  on  salicylic  acid 
or  on  salicine.  It  forms  fine  yellowish- white  prisms,  which  are 
tight  and  bulky,  and  shrink  much  in  drying.  It  ia  (iiaible  and 
volatile.  Bj^  the  action  of  strong  nitric  acid  it  is  converted  into  ' 
oxalic  and  picric  acids.  It  requires  1000  parts  of  cold  water  for 
solution.  Its  salts  crvstallite  well,  and  their  general  formula  ia 
Ci4H<N0>,M0.  xVanilate  of  oxide  of  methyle  is  obtained  as 
a  crystalline  compound  by  the  moderated  action  of  nitric  acid  on 
the  salicylate  of  oxide  of  methyte  (oil  of  gaultheria).  The  anilate 
of  oxide  of  ethyle  is  exactly  similar. 

Picric  Acid.     Sib,  CarhazUic  Add;  yUropicrie  Acid;  ^Uro- 

p/unUie  Aeid,  C.i  ]  ^wq    f  O.HO. — This  acid  is  formed  by 
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the  action  of  nitric  acid  on  auilic  acid,  indigo,  salicine,  salicylic 
acid,  hydrate  of  phenyle  or  carbolic  acid,  coumarine,  silk,  aloes 
(  !  },  and  other  substances.  It  is  most  easily  formed  from  carbolic 
acid,  salicine,  or  oil  of  gaultheria,  by  the  action  of  an  excess  of 
fuming  nitric  acid  assisted  by  heat.  It  is  purified  by  solution  in 
hot  water  and  recrystallization.  It  forms  pale  yellow  or  even 
white  scales  of  a  silvery  lustre.  They  dissolve  in  hot  water  with 
a  strong  yellow  color,  and  a  very  bitter  taste.  The  acid  is  fusible 
and  volatile.  Its  salts  crystallize  most  readily,  and  all  explode 
when  heated.  When  these  salts  are  put  in  contact  with  lime  and 
green  vitriol,  blood-red  solutions  are  formed,  containins^  the  lime 
salt  of  a  new  acid.  The  picrate  of  potash  is  so  sparingly  soluble, 
especially  in  alcohol,  that  an  alcoholic  solution  of  picric  acid  may 
be  used  as  a  test  for  potash. 

Picric  acid  is  interesting  as  occurring  among  the  products  of 
the  decomposition  by  nitric  acid  of  so  many  different  substances. 
It  is  easily  derived  from  the  series  of  phenyle,  that  is,  from  car- 
bolic acid,  Cii  Hs  0,  H  O.     Derived  from  this  we  have  chloro* 

phenesic  acid,  C12  \  q,*  [  0,  H  O,  chlorophenusic  acid,  CisCls  O, 

H  0,  and  picric  acid,  ^»*  ]  3  jli  n     (  ^»  ^  O.     It  is,  therefore, 

carbolic  acid,  in  which  3  eq.  of  hydrogen  are  replaced  by  3  eq.  of 
nitrous  acid. 

When  indigo  is  heated  with  concentrated  potash,  there  are 
formed  two  new  acids :  chrysanilic  acid,  the  composition  of  which 
is  uncertain,  and  anthranilic  acid,  Cu  Uy  N  O4  s=Ci4  Ht  N  Oa,  H  O. 
The  latter  is  purified  in  the  form  of  anthranilate  of  potash,  and 
the  acid  separated  by  an  excess  of  acetic  acid.  It  forms  transpa- 
rent yellow  scales,  which,  however,  when  quite  pure,  are  colorless. 
It  is  derived  from  blue  indigo,  Cie  Hs  N  Oa,  by  the  loss  of  2  eq. 
carbon,  and  the  addition  of  2  eq.  water. 

When  anthranilic  acid  is  mixed  with  powdered  glass,  and  rapidly 
heated,  it  is  resolved  into  carbonic  acid,  and  an  oil?  liquid 
which  is  aniUne,  a  very  powerful  base,  devoid  of  oxygen,  identical 
with  the  crystalline  of  Unverdorben,  and  the  kyanol  of  Runge, 
C12H7  N.  This  metamorphosis  is  very  simple:  CuHt  N  O4  =s 
2  0  Ofl  +  Cii  Ht  N.  Since  aniline  is  obtained  in  many  other  cases 
of  decomposition  of  organic  matters  by  heat,  it  becomes  a  sub* 
stance  of  great  interest. 

Aniline  is  recognized  by  its  property  of  striking  a  deep  violet- 
blue  color  with  chloride  of  lime.  It  obtained  the  name  kyanol 
from  this  property.  Its  other  name,  crvstalUne,  indicates  its  great 
tendency  to  form  crystallizable  salts  with  acids. 

The  recent  researches  of  A.  W.  Hofifman  have  greatly  extended 
our  knowledge  of  this  reimritable  compound.  He  has  shown  that 
it  is  best  obtained  by  heating  isatine  wiUi  potash,  thus  Cm  N  Ht 
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0*  +  4  (K  0,  H  0)  =  0,1  H,  N  +  4  (K  O,  C  0, )  +  H. .    But  he 

has  Alio  proved  tb&t  iU  formation  is  not  confiaed  to  the  products 
of  the  decomposition  of  indigo,  it  being  formed  when  other  aub- 
Btances,  isomeric  with  anthranilic  acid,  ore  exposed  to  beat  along 
with  bases,  such  as  lime  or  baryta.  Such  substances  are  salioyla- 
niide  and  protonitrobenzoene  or  nitrotoluido,  both  of  which  have 
the  empirical  formula,  Cn  Ht  N  0  < .  The  former  yields  little,  but 
the  latter  is  entirely  resolved  into  aniline  and  carbonic  acid.  He 
has  also  fully  identified  aniline  with  the  cystalline  of  Unverdorben, 
a  base  occurring  with  others  among  the  products  of  distillation  of 
animal  matter,  and  in  coal-tar.  It  is  worthy  of  remark,  that  a 
close  connection  may  be  traced  between  aniline  and  carbolic  acid, 
(hydrate of  phenyle).  The  latter  ia  CnH.  O,  HO.  The  carbolal* 
of  ammonia,  CitHi  0,  NHt  0,  minus  2  e<).  water,  would  yield  an 
amide,  phenylamide,  which  would  be  C.  Hi  N  H,  =  C.i  H,  N  ; 
and  this  is  aniline.  Now,  in  HofTman's  experiment,  above  men- 
tioned, in  which  salicylamide  was  heated  with  lime,  it  did  not  yield 
much  uiiline,  but  on  the  other  hand,  it  furnished  a  large  quantity 
of  carbolic  acid. 

It  U  further  to  be  noticed  that  carbolic  acid  (hydrala  of  pbenyle) 
and  aniline  (phenylamide)  occur  t<^ther  in  coal-tar  ;  ana  that  all 
the  eubstancea  which  yield  either  one  or  other  of  these  are  also 
converted  into  picric  acid.  On  )  gwQ  [  0, HO,  by  the  action 
of  nitric  acid.  Thus  carbolic  acid,  indigo,  salicine,  and  salicylia 
acid  are  all  transformed  into  picric  acid,  by  exoesa  of  nitric  acid. 

Another  pcMDt  in  which  all  these  substances  agree  is  this,  that 
when  acted  on  by  a  mixture  of  hydrochloric  aoid  and  chlorate  of 
potash,  they  are  all  converted  into  chloranile,  CuChOi.  It  ia 
more  than  probable  that  all  those  bodies,  such  as  indigo,  salicine, 
carbolic  acid,  Ac,  which  in  this  way  yield  chloranile,  eith«r 
belong  to  the  series  of  phenyle  or  are  nearly  allied  to  that  series, 
and  readily  pass  into  it.  The  fundamental  or  primitive  compound 
of  that  senes  appears  to  be  some  compound  of  the  formula,  Cn  Ai 
where  A  stands  for  hydrogen,  chlorine,  bromine,  iodine,  oxygen, 
nitrous  acid,  Ac.  Assuming  this,  and  supposing  A  to  be  repre- 
sented by  H,  then  we  have  the  following  series,  which  will  esbibit 
in  a  practical  form  the  doctrintt  of  substitutions.  ' 


SH. 


(H. 
.  ^Cl) 


BE  Supposed  i»i|[in  or  nucleus  of  the  series. 
[  =  C«  Hi  O,  H  O  =  hydrate  of  phenyle. 

(  =C»  J^j'  i  O,HO  =  chl0K>pheBeBicMid. 


BROMANILINE. 


(o. 

I  CI. 

•  fo. 

.  i"' 


=  Cu  Ch  O,  H  O  =  chlorophenuBic  acid. 


=  phenylamide. 

=  nitrophenesic  Hcid. 


)  3  N  Ot  >  =  C 
Cii  )  Brs       >  =  C.  j  gj,'j       i  O,  H  O  =  broraopheniBic  acid. 

Hoffman  has  Bhown  that  isatine,  when  diatilled  with  potash, 
yields  aniline  ;  and  that  chlorisatine,  so  analogous  in  all  respecta 
to  isatine,  undergoes  a  similar  decomposition,  yielding  a  new  base, 
chloraniline ;  also  that  other  comptouods  may  be  formed  containing 
more  chlorine,  but  still  belonging  to  the  same  series ;  that  brom- 
iaatjne  also  yields  a  base,  bromaniline  ;  finally  that  by  the  action 
of  ammonia  and  sulphuretted  hydrogen  on  binicrobenEide  or  dini- 
trobencole,  there  is  formed  a  base,  nitraniline,  in  which  1  cq.  of 
hydrogen  is  replaced  by  1  eq.  of  nitrous  acid,  and  that  in  this 
base  2  eq.  of  hydrogen  may  farther  be  replaced  by  bromine, 
yielding  a  neutral  body.  The  following  are  the  formula  of  these 
new  compounds,  which,  it  will  be  observed,  are  still  referable  to 
the  original  formula,  Cu  A'  or  Co  Hi. 

Aniline Cn      Hi  N  basic.  Amaphenase. 

Chloraniline  .  .  .  Cu  j  ».'  S  N  basic.  AmacblopbeneM. 
DicbloraniUne  .  .  Cu  j  q,'  (  N  basic.  Amacblopheniae. 
Trichloraniline  .  .  Cu  J  q,*^  |  N  neutral.  AmachlophetHwe. 
Bromaniline  ■  ■  ■  Cu  j  g  *  (  N  basic.  Amabropbenese. 
Dibrom aniline  .  .  Cu  j  ,. '  (  N  basic  Amabrophenise. 
Tribrom aniline  .   .   Cu  J ^*^      t   N  nentral.  Amabrophenow. 

CblorodibromanilineCit  ^  CI        >  N  neutral.  AmachlobroplwnoM. 
/Bri      \ 

Nitraniline     .   .   .  €»  {un*  {  ^  basic.  Amanitropheneae. 
Nitrodibromaniline  Cn  <Bri      >  N  nevtraL  Amanitrobioi 


Cb  !  Bri     >  N 
(NOt  ) 


It  tatty  here  be  mentioned,  that  altboiigh,  in  order  to  include 
the  water  of  the  hjdrated  acids,  I  have  adopted  CuHi  as  the 
nucleus  of  these  compounds,  we  may  also  refer  ihem  to  Ch  H»  = 
phtne  or  benzine.  The  oxide  of  phenyle  and  the  di&Vrent  acids 
will  then  be  represented  aa  anhydrous,  thus,  Cu  ]  q'  oxide  of 
phenyle,  &c.     Aniline  will  be  Cu  I  jj*t|    =  Cu  J    . ^  =pheny- 

'   (H. 
lamide  ;  and  chloraniline  will  be  Cit  i  CI     and  so  on.     The  only 

(  Ad  : 
componnd  which  does  not  adapt  itself  to  this  formula,  is  chloranile, 

(  CIj  (a, 

Ci.  CI*  0* ;  which  might,  however,  be  On  ^  O.  or  Cu  i  0, 

Our  space  will  not  permit  us  to  enter  into  any  details  concerning 
the  preparation  and  properties  of  these  interesting  compoands; 
but  It  may  be  remarked  that  chloraniline  by  the  action  of  hydro- 
chloric acid  and  chlorate  of  potash  yields  chloranile  ;  and  that  tha 
same  substance,  when  passed  over  lime  (hydrated  ?)  at  a  low  red- 
heat,  yields  aniline,  thus  affording  additional  proof  that  all  these 
componnds  belong  to  one  series,  and  are  different  subtypes  of  one 
general  type.  Nor  must  it  be  forgotten  that  in  the  case  of  aniline, 
chloraniline,  and  bromaniline,  we  have  chlorine  and  bromine  sub- 
stituted for  hydrogen  in  a  basic  compound,  without  affecting 
its  basic  characters.  This  is  the  first  known  example  of  a 
base  formed  by  substitation  from  another  base,  although  similar 
fads,  in  regard  to  acids  and  neutral  bodies,  had  long  been 
known. 

It  is  very  well  worthy  of  remark  that  a  certain  amount  of 
chlorine  or  bromine,  usually  so  antagonistic  to  hydrogen,  doea 
not,  when  substituted  for  that  element,  destroy  the  basic  character ; 
but  that  the  chlorine  and  bromine  appear  to  assume  the  function 
of  hydrogen.  A  larse  proportion,  however,  of  these  elements, 
does  efface  the  basic  character. 

But  the  existence  of  nitrauiline  is  even  more  remarkable.  In 
this  body,  I  eq.  of  hydrogen  in  aniline  has  been  replaced  by  I 
eq.  of  a  powerful  acid,  nitrous  acid,  and  yet  the  compound  ia 
decidedly  basic,  and  retains  the  type  of  aniline. 

Nitraniline  forms  fine  golden-yellow  prisms,  and  with  acids 
yields  crystHllizable  salts.  When  acted  on  br  bromine,  it  yields 
nitrodibromanilioe,  a  neutral  compound  in  wnich  8  more  eq.  of 
hydrogen  are  removed  and  replaced  by  bromine. 

We  Jiave  here  considered  aniline  chiefly  in  reference  to  its 

derivation     from    indigo    and    isatine,   and    the    other    derived 

bases  of  the  same  type,  as  also  connected  with  indigo  through 

chlorisatine,  &e.    Under  the  bead  of  organic  bates,  a  few  pagea 
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io  hot  water  and  deeomposed  bj  dilated  nitrio  Mid.  The  chtys- 
ammic  acid  is  deposited  as  a  powder  formed  of  gold«a-yellow 
sbioiDg  scales.  Its  solulion  is  of  a  fine  purple.  All  its  sails  are 
crjstalliEable  and  of  a  deep  red  color,  fre(]uenl!y  with  green  refleo- 
tion,  like  murezide.  The  chrysammate  of  ammonia  forms  dark 
green  crystals,  which,  when  dissolved  and  acted  on  by  nitric  acid, 
deposit  brilliant  black  scales,  which  are  not  ohrysammic  acid,  but 
are  transformed  into  it  when  boiled  with  adds  or  bases.  The 
solution  of  chrysammate  of  ammonia  (^ivea  with  metallic  salts 
peculinr  precipitates  distinct  from  those  formed  with  the  same 
salts  by  chyrsammate  of  potash. 

Chrjsolepic  acid,  Cji  Hi  Nj  Ois,  H  0,  has  the  formula  and  many 
of  the  properties  of  picric  acid  ;  but  is  said  by  Schunk,  who  dis- 
covered it,  to  be  different.  It  is  darker  in  color,  and  its  salt  witli 
potash  is  much  more  soluble  than  picrate  of  potash.  It  would, 
however,  appear  that  the  two  acids  are  essentially  the  same ;  for 
their  salts  are  in  general  very  similar,  and  all  explode  when  heated. 
Now  that  picric  acid  is  recogniced  as  so  frequent  a  product  of  the 
action  of  nitric  acid,  we  have  no  difficultjr  in  understanding  ita 
occurrence  here- 

ALCALOIOB    OR    OROANIO    BASIS. 

These  names  are  given  to  a  class  of  nitrogenized  organic  com- 
pounds which,  in  their  relations,  are  quite  analogous  to  ammonia, 
or  rather  to  oiide  of  ammonium.  They  are  to  be  distinguished 
from  such  ba.'!ic  oxides  as  oxide  of  ethyle,  oxide  of  metbyle,  dec, 
which  contain  no  nitrogen,  and,  although  they  form  neutral  com- 
pounds with  acids,  yet  exist  in  a  peculiar  state  in  these  compounds, 
which  cannot  he  decomposed,  like  ordinary  salts,  by  double 
decomposition.  Thus,  oxalate  of  oxide  of  ethyle  does  not  precipi- 
tate with  nitrate  of  lime,  and  chloride  of  ethyle  does  not  decompose 
nitrate  of  silver.  But  the  case  is  quite  different  with  the  alcaloida  ; 
for  their  salts  undergo  the  same  decompositions  as  those  of 
ammonia. 

Most  of  the  alcaloida  are  found  in  vegetable  juices,  seeds,  or 
roots ;  these  are  called  vegetable  alcalies,  and  they  are  generally 
the  active  principles  of  the  plants,  for  the  most  part  poisonous,  in 
which  they  are  found.  But  of  late,  organic  bases  quite  analogous 
to  those  produced  by  nature,  have  been  formed  in  a  variety  of 
processes  ;  as,  for  example,  the  singular  bases  containing  platinum, 
described  at  pp.  S8S-SB7 ;  the  bases  containing  arsenic,  or  arsenic 
and  platinum,  mentioned  at  pp.  398-40S  ;  the  bases  of  coal-tar, 
of  which  aniline,  formed  in  several  different  processes,  is  one  ;  the 
bases,  chloraniline,  &c.,  derived  from  aniline  ;  the  bEtses  derived 
from  oil  of  mustard,  ^see  p.  463)  ;  those  derived  from  the  decom- 

nsition  of  natural  alcaloids,  aa  quinoleine  and  cotamine  ;  those 
'med  by  the  action  of  potash  on  melam,  as  melamine  and  amme- 
line ;  those  produced  by  the  aotion  of  ammonia  on  oil  of  Utter 


UCmiD   VOLATHA  BAMEm,  SOI 

inulnblB,  are  precipitsted ;  codeine,  being  Bolnble  in  ether  bb 
well  aa  water,  is  lirst  set  free  by  potash,  and  ether  being  added  to 
tbe  fiqueooR  liquid,  i»  i^tated  with  it,  and  rises  to  the  snrhoe, 
cATTjiog  the  codeine  along  with  it,  and  the  same  process  applies  to 
other  alcalotds.  Lastly,  conin,  ntcoline,  and  other  volatile  alea- 
loids  are  obUined  by  distilling  their  salts  with  an  excess  of  liquor 
potasses. 

The  alcalotds,  like  ammotita,  combine  with  hydrogen  acids 
forming  salts,  withont  the  addition  of  water  or  its  elements  being 
necessary  ;  they  also,  like  ammonia,  refuse  to  combine  with  Mihy- 
drous  oxygen  scids,  requiring  1  eq.  of  water  to  form  dry  salts. 
Their  hydrochlorAtes,  like  sal  ammoniac,  form  double  salts  irfti) 
the  bichlorides  of  platinum  and  of  mercury. 

The  salts  of  most  of  tbe  alcaloids  are  precipiUited  «s  tannales 
by  infusion  of  galls. 

The  alcaloids  are  generally  decomposed  by  chlorine,  bromine, 
and  iodine,  forming  colored  compounds  not  yet  fully  investigated. 
They  are  also  decomposed  by  nitnc  acid,  some  of  tbem  with  a  deep 
red  color. 

Some  of  ihem,  Bucb  as  quinine,  strychnia,  &o.,  when  heated 
with  strong  caustic  potash,  yield  an  oily  compound,  which  is  alao 
a  base,  and  is  called  quinoleine. 

We  shall  now  briefly  describe  the  individual  alcaloids,  diridii^ 
them  into  groups,  according  to  their  characters. 

a.  Liquid  Volatile  Bases. 
Nicodne,  Cm  Ht  If. —  This  base  is  found  in  tobacco,  and  is 
obtained  by  distilling  the  concentrated  infosion  of  the  leaves  along 
with  potash.  The  distilled  liquid,  which  contains  nicotine,  water, 
and  ammonia,  is  neutralised  by  sulphuric  acid  and  the  neutral 
solution  dried  up.  Alcohol  then  dissolves  the  sulphate  of  nicotine, 
leaving  undissolved  tbe  sulphate  of  ammonia.  The  pure  sulphMe, 
distilled  with  potash,  yields  pure  nicotine,  which  appears  as  an  mly, 
limpid,  colorless  liquid,  having  a  weak  smell  of  tobacco.  Its  Sp. 
Q.  is  1-048.  It  is  decidedly  alcaline,  and  mixes  with  water, 
alcohol,  and  ether.  It  is  highly  poisonous,  With  acids  it  forms 
salts  which  crystallise  witli  difficulty.  The  hydrochlorate  of  nicotine 
combines  with  bichloride  orplittinum,  forming  a  double  salt,  which 
yields  large,  regular,  orange-red  crystals,  of  the  formula  CuU*N, 
H  CI  +  Pt  Cli.  It  is  probable  thai  nicotine,  besides  being  fonnd 
in  the  fresh  leaves  of  tobacco,  is  produced  in  larger  quanti^ 
during  tbe  fermentation  to  which  the  leaves  are  subjected  in  tbe 
manufacture  of  tobacco  ;  and  there  is  also  reason  to  believe  that 
it  is  produced  by  the  action  of  heat  on  tobacco,  iw  in  smoking,  and 
that,  from  the  comparative  simplicity  of  it«  formula,  it  will  be 
found  amonff  the  products  of  the  distillation  of  organic  compooudt 
coolaining  nitrageo. 
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Conicine.  Stn.  Conia,  Cie  Hie  N  ?  —  This  base  occurs  in  the 
hemlock,  conium  mcumlatum,  and  is  extracted  by  a  process  quite 
analogous  to  that  above  described  for  nicotine.  It  is  also  an  oily 
liquid*  boiling  at  338^,  highly  poisonous,  and  easily  decomposed. 
Its  taste  and  smell  are  both  very  acrid  and  disagreeable,  and 
somewhat  analogous  to  those  of  nicotine.  Its  salts  are  acrid  and 
poisonous,  crystallizing  with  difficulty.  As  it  is  the  active  principle 
of  the  conium,  conicine,  either  pure  or  as  a  salt,  ought  to  be  used 
instead  of  the  extract  or  tincture,  which  are  very  variable. 

The  two  bases  just  described  are  the  only  natural  bases  belong- 
ing to  the  strongly  marked  group  of  volatile  oily  bases.  But 
several  artificial  compounds  are  known,  which  belong  to  this  group. 
These  will  be  described  in  their  proper  place,  and  it  will  be  seen 
that  their  analogy  to  nicotine  and  conicine  is  perfect. 

h.  Bases  of  Cinchona  Bark. 

a.  Quinine,  CaoHiaNOs.  Stn.  Ckinine.  —  This  important  alca- 
Idid  is  found  along  with  cinchonine,  in  most  species  of  cinchona  bark. 
It  predominates  in  yellow  bark,  cinchona  ftava,  China  rtgia^  or 
China  cali^aya;  and  is  obtained  by  boiling  with  an  excess  of  milk 
of  lime  the  decoction  in  diluted  hydrochloric  acid  of  the  bark,  and 
treating  the  precipitate  with  hot  alcohol,  which  dissolves  cinchonine 
and  quinine.  On  evaporation,  the  cinchonine  is  deposited  in  crys- 
tals, and  the  quinine  remains  dissolved.  Water  is  added,  which 
causes  the  quinine  to  separate  as  a  resinous  mass.  It  may  be 
obtained  in  crystals  by  the  spontaneous  evaporation  of  its  solution 
in  absolute  alcohol.  It  is  very  sparingly  soluble  in  water,  but 
very  soluble  in  alcohol  and  in  acids.  Its  solutions  are  very  bitter. 
When  heated  with  hydrate  of  potash,  it  yields  carbonate  of  potash, 
hydrogen  gas,  and  quinoline  or  leukoline,  (see  that  substance). 

Quinine  is  decidedly  alcaline,  and  neutralizes  the  acids.  It« 
salts,  especially  the  sulphate,  are  very  much  used  in  medicine, 
especially  as  febrifuge  and  tonic  remedies,  in  most  cases  very 
superior  to  the  bark  in  substance.  The  sulphate  of  quinine  used 
in  medicine  is  a  basic  salt,  2  (CaoHiaN  Os) -j-SOa -f- 8H  O. 
The  neutral  sulphate  is  much  more  soluble  in  water ;  hence  in 
draughts,  sulphate  of  quinine  is  generally  dissolved  in  diluted 
sulphuric  acid.  The  hydrochlorate,  phosphate,  citrate,  and  ferro- 
cynate  of  quinine  have  also  been  employed  in  medicine. 

b.  Cinchonine,  CsoHisNO.  —  This  base  predominates  in  the 
fi;ray  bark,  cinchona  condaminea,  or  (7.  rubipinosa,  and  is  also  found 
in  large  quantity,  as  well  as  quinine,  in  red  bark,  C  oblongifolia. 
Its  preparation  has  been  above  described.  It  crystallizes  very 
readily,  and  is  not  so  bitter  as  quinine,  although  highly  febrifuge. 
When  heated,  a  considerable  part  is  sublimed.  When  distilled 
with  potash,  it  yields  quinoline.  It  neutralizes  the  acids,  forming 
crystallizable  salts,  which  may  be  substituted  for  those  of  quinine. 
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It  is  very  imporUDt  to  observe  that  ciDchonine  only  differs  from 
quinine  by  1  eq.  oxygen ;  Rnd  altboagh  hitherto  no  one  haa  guo- 
ceeded  in  convertiag  one  into  the  olber,  little  doubt  can  be  enter- 
tained that  this  will  be  accomplished  in  process  of  time.  The  fact 
tbat  both  yield  quinoline  is  very  interesting. 

e.  Qtanoidim.  —  This  name  was  given  by  Sertnemer  to  a  third 
alcaloid,  which  he  found  in  the  mother  liquors  of  the  preceding. 
It  has  been  shown  by  Liebig  to  be  nothing  else  than  pure  quinine, 
in  the  amorphous  or  uncryetallizable  state.  The  cause  of  its 
assuming  the  amorpbons  stat«  is  not  yet  known.  It  is  very  pow- 
erful as  a  remedy,  and  is  now  much  used  under  the  name  of 
amorphous  quinine. 

d.  Aricine,  CnHnNOi  ?  — This  base  was  found  in  1838,  in  a 
cinchona  bark  frgm  Arica,  in  Peru,  and  baa  not  since  occurred. 
It  is  very  similar  to  cinchonine,  from  which  it  differs  in  being  solu- 
ble in  ether.  According  to  the  analysis  of  Pelletier,  it  contains  I 
eq.  oxygen  more  than  quinine,  and  2  eq.  more  than  cinchonine, 
so  that  the  three  bases  may  be  viewed  as  oxides  of  the  same 
radical.  Aricine  forms  salts  which  are  crystalUzable,  bitter  and 
febrifuge. 

Besides  the  above  four,  other  alcaldds  are  said  to  have  been 
found  in  different  species  of  cinchona;  as  pitoyinu,  in  the  China 
pitoya,  chinovine  in  the  China  woiw,  another  alcaloid  in  the  China  ^ 
CarUiagena,  blanquinine  in  the  China  blanca,  which  is  the  bark  of 
cinchona  ovifolia  and  C.  macrocarpa;  and  cinchovntine  in  eincAona 
ovala.  This  last  crystallizes  well,  and  fofms  cryslallizable  salts. 
It  has  been  anslvEed,  and  the  results  lead  to  the  formula  C»  Ur 
N«  O.. 

c.  Bases  of  the  PapaveraccK. 

Morphine,  CuHaN  0..  — This  alcaloid  occurs  in  opium,  which 
is  the  inspissated  juice  of  papaver  somm/erian.  Perhaps  the 
easiest  method  of  extracting  it  is  the  following.  The  soluble  part 
of  opium  is  extracted  by  water,  and  the  concentrated  infusion  is 
mixed  with  solution  of  chloride  of  calcium,  this  salt  being  added 
in  slight  excess.  On  standing,  especially  if  warmed,  the  mixture 
deposits  a  copious  brownish-gray  precipitate  of  mixed  meconote 
and  sulphate  of  lime  (the  morphine  being  in  the  opium  partly  as 
meconate,  partly  as  sulphate),  while  hydrochlorate  of  morphine 
remains  in  solution  with  a  very  large  proportion  of  dark  brown 
coloring  matter.  The  brown  solution  is  evaporated  till,  on  cool- 
ing, the  hydrochlorate  crystallizes,  forming  a  nearly  solid  mass, 
which  is  subjected  to  very  strong  pressure  in  flannel.  A  thick, 
vi.'!cid,  nearly  black  mother  liquor  is  thus  expressed,  which  con- 
tains all  the  narcotine  and  coloring  matter.  The  squeezed  mass 
or  cake  of  hydrochlorate  of  morphine  is  of  a  fawn  color.  It  is 
redisBolred  in  hot  water,  filtered  if  necessary,  and  recrystollised, 
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80  mnch  water  being  used,  that  on  cooling  a  semi-solid  mass  is 
obtained.  This  is  again  squeezed  out,  and  if  the  squeezed  cake 
is  not  quite  white,  it  is  only  necessary  to  repeat  the  operation.  A 
little  animal  charcoal  in  the  second,  or  better  still  in  the  third, 
crystallization,  assists  in  removing  the  last  traces  of  color.  The 
second  and  third  mother  liquids,  although  colored,  are  not  to  be 
thrown  away,  but  should  be  added  to  the  solution  of  a  fresh  por- 
tion of  opium,  so  that  the  small  quantity  of  hydrochlorate  which 
is  retained  in  solution  shall  not  be  lost.  In  crystallizing  hydro- 
chlorate  of  morphine,  the  liquid  should  always  be  acidulated  with 
hydrochloric  acid  (after  the  animal  charcoal  is  separated),  because 
in  this  way  very  little  indeed  in  retained  in  solution. 

The  purified  hydrochlorate,  which  still  contains  about  ^^  of 
codeine,  is  now  dissolved  in  hot  water,  and  supersaturated  with 
ammonia ;  on  cooling,  the  morphine  is  deposited  as  a  snow-white 
crystalline  powder,  which  may  be  crystallized  by  means  of  hot 
alcohol.     The  codeine  remains  in  the  mother  liquor. 

Morphine  forms  hard  transparent  brilliant  crystals,  almost  inso- 
luble in  water,  soluble  in  hot  alcohol,  insoluble  in  ether.  It  is 
decidedly  alcaline,  neutralizing  acids,  and  forming  crystallizable 
salts.  All  its  solutions  are  bitter,  and  act  as  narcotic  poisons.  It 
18  colored  red  by  nitric  acid,  and  brownish-red  by  iodic  acid ;  it 
also  strikes  a  deep  blue  with  perchloride  of  iron. 

The  salts  of  morphine  are  much  used  in  medicine,  especially  the 
hydrochlorate,  the  acetate,  and  the  sulphate.  A  solution  of  any 
of  these  salts,  of  ^ve  grains  to  the  ounce,  may  be  administered 
in  the  same  dose  as  tincture  of  opium  (laudanum).  The  hydro- 
chlorate or  muriate  is  prepared  as  above  described,  and  is  used  in 
the  state  in  which  it  is  obtained  by  repeated  crystallization,  con- 
taining j^j  of  its  weight  of  a  double  hydrochlorate  of  morphine 
and  codeine,  which  has  much  the  same  action*  The  acetate  and 
sulphate  are  best  made  directly  by  dissolving  in  acetic  and  sul- 
phuric acids  the  precipitated  morphine  till  they  are  neutralized, 
and  then  evaporating.  1  lb.  of  good  opium  yields  1^  oz.  of 
hydrochlorate  of  morphine.  These  salts  are  most  valuable 
anodynes,  and  do  not  derange  the  stomach  nearly  so  much  as  an 
equivalent  dose  of  laudanum  ;  but  they  do  not  act  so  decidedly  in 
producing  sleep  as  in  allaying  pain  and  irritaUon ;  at  least  the 
sleep  they  induce  does  not  ccnne  on  so  soon  as  in  the  case  of  lauda- 
num. The  patient,  however,  even  when  he  does  not  sleep,  feels 
refreshed,  almost  as  if  he  had  slept,  and  on  the  whole  the  prepar- 
ations of  morphine  are  preferred  by  the  physician,  and  have,  in 
this  country  at  least,  nearly  banished  the  use  of  laudanum.  The 
black  drop  contains  impure  citrate  of  morphine. 

Codeine,  CuHaoNOs.  —  This  alcaloid  is  obtained  as  above 
described,  from  the  mother  liquor  of  the  precipitated  morphine, 
which,  being  evaporated,  depoaita  the  double  hydrochlofate  of 
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morphioe  and  codeine.  This  salt  being  purified,  is  acted  on  hf 
potnsh,  wliich  dieaolvea  the  morphine,  while  the  codeine  is  left  ns 
A  viscid  tnaas,  which  soon  becomes  hnrd  and  crystalline.     It  is 

irified  by  solution  in  ether  or  in  water,  boih  of  which  aolvcnts 

ire  the  morphine,  which  may  be  mixed  with  it,  undissolved. 
The  ethereal  solution,  by  spontaneous  evaporation,  deposits  it, 
especially  if  a  little  water  be  added,  in  fine  anhydrouH  prisms  ;  tbe 
aqueous  solution  gives  large  octahedral  crystal*,  whion  are  a  hy- 
drate, with  8  eq.  of  water. 

Codeine  is  a  powerful  base,  fonninjj  neutral  salts  with  acidi. 
Its  solutions  arc  bitter,  and  would  seem  to  have  an  anodyne  action 
on  the  system.  But  in  certain  circuraslnnces  they  appear  to  excite 
intolerable  itching  of  ihc  whole  skin.  It  is  therefore  possible,  that 
the  itching  caused  in  some  persons  by  opium,  and  by  the  commer- 
cial muriate  of  morphine,  proceeds  from  codeine. 

It  is  important  to  observe  that,  as  cinchona  bark  contains  three 
alcaloids  differing  only  in  the  proportion  of  oxygen  they  contain, 
so  the  two  principn]  bases  of  opium  differ  only  by  1  eq.  oxygen. 
Hitherto,  however,  it  has  been  found  impossible  to  convert  codeine 
into  morphine  by  oxidation,  or  morphine  into  codeine  by  deoxidation. 

The bai ne.  —  This  base  also  occare  in  opium.  It  is  nearly  inso- 
luble in  water,  soluble  in  alcohol  and  ether.  Its  solutions  are 
alcaline,  and  have  an  acrid  metallic  taste.  It  forms  crystal li cable 
salts  with  acids.     According  U>  Kane,  its  formula  is  Ca  Hit  N  Oi . 

Pseud omorphioe,  Gtr  Hn  N  Ok  ? — This  base  is  oceasionally  found 
in  opium.  It  forms  shining  acales.  It  is  sparingly  soluble  in 
water  and  weak  alcohol,  insoluble  in  absolute  alcohol  and  in  ether. 
It  is  readily  dissolved  by  caustic  potash  or  soda.  It  is  colored 
blue  by  perchloride  of  iron.  It  forms  salts  with  acids,  which  are 
as  yet  littie  known. 

Narceine,  (^HbNOh? — This,  which  is  afeeble  base,  also  occurs 
in  opium.  It  is  sparingly  soluble  in  water,  soluble  in  alcohol,  insol- 
uble in  ether.  It  mells  at  197".  It  is  colored  blue  by  hydro- 
chloric acid,  but  not  by  perchloride  of  iron.  Acids  dissolve  it,  but 
hardly  form  definite  salts  with  it.  In  short,  it  ought  rather  to  be 
descnbed  as  an  indifferent  substance,  were  it  not  that  its  compo- 
sition so  mnch  resembles  that  of  the  alcaloids. 

Narcotine,  Cm  Hb  N  Oh. — This  is  another  weak  base,  found  in 
c^ium  in  larger  proportion  than  any  other,  except  morphine.  It 
may  be  obtained,  eitoer  from  the  mother  liquor  of  mnriate  of  mor- 
phia by  adding  ammonia,  or  by  digesting  the  insoluble  part  of 
opium  m  diluted  acetic  acid,  and  precipitating  by  ammonia.  The 
impure  narcotine  is  purified  by  solution  in  hot  alcohol,  with  the 
aid  of  animal  charcoal.  On  cooling,  narcotine  is  deposited  in 
crystals,  which  are  insoluble  in  water  and  alcalies,  soluble  in  alco- 
hol, ether,  and  acids.  Ita  salts  are  bitl«r,  and  crystallize  with 
.great  diffionl^. 
43 
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The  rerj  recent  researches  of  Liebig,  Wohler,  and  BIylh,  have 
made  known  a  series  of  products  of  decomposition  derived  from 
narcotine,  when  acted  on  by  peroxide  of  manganese  and  sulphuric 
acid,  and  also  by  bichloride  of  platinum.  These  our  space  will 
only  permit  us  briefly  to  mention. 

1.  Opianic  Acid,  CtoHa  Oio=r  Cao  Ha  Oo,  HO.— This  acid  crys- 
tallizes in  slender  prisms,  and  forms  soluble  and  crystallizable  salts 
with  baryta  and  tne  oxides  of  lead  and  silver,  and  with  oxide  of 
ethyle.  When  melted,  opianic  acid  passes  into  an  insoluble  state, 
its  composition  reroaininff  the  same. 

2.  Opiammon,  GMHai^Oie. — This  compound  is  derived  from  2 
eq.  opiaaate  of  ammonia  by  the  loss  of  1  eq.  ammonia  and  4  eq. 
water.  It  is  a  pale  yellow  powder,  which,  by  boilinfi^  with  water, 
is  converted  into  opianic  acid  and  opianate  of  ammonia. 

3.  Xanthcpenic  Acid,  —  When  opiammon  is  acted  on  by  alcalies, 
it  gives  ofif  ammonia  and  yields  opianate  and  xanthopenate  of  pot- 
ash. An  acid  separates  the  xanthopenic  acid  as  a  yellow  floccu- 
lent  precipitate.  It  forms  salts  of  a  fine  yellow  color,  but  has  not 
been  fully  examined.     It  contains  nitrogen. 

4.  Opiano'SuLphuwu$  Acid,  Cio  Ht  On  Sa  H  0,  is  formed  by  the 
action  of  sulphurous  acid  on  opianic  acid,  and  is  produced  by  the 
substitution  of  2  eq.  sulphurous  acid  for  2  eq.  water.  It  has  a 
bitter  taste  and  forms  crystallizable  salts. 

5.  Stdphopianic  Acid,  Cx  lit   )q^  (    HO.  This  acid  is  formed 

by  the  action  of  sulphuretted  hydrogen  on  opianic  acid,  and  is,  in  fact, 
opianic  acid,  in  which  2  eq.  oxygen  are  replaced  by  2  eq.  sulphur. 
It  is  an  amorphous  yellow  powder,  which  crystallizes  from  alcohol. 
Its  salts  are  soon  decomposed,  yielding  sulphides  of  the  metals. 

According  to  Wiihler,  opianic  acid  is  (CioHt  O7, 2H0) 
-(-HO;  and  in  the  two  preceding  acids  the  2  eq.  of  water  repre- 
sented within  the  brackets  are  replaced  by  2  eq.  sulphurous  acid 
and  2  eq.  sulphuretted  hydrogen.  Opiammon,  on  this  view,  is 
rCjDHt  Ot,  2  H  O)  +  OaoHt  Ot,  N  Ha).  He  considers  it  pro- 
bable that  narcotine  is  a  compound  analogous  to  opiammon,  and 
containing  opianic  acid. 

6.  Hemipinic  acid,  Cio  H4  0$  H  0.  —  This  is  a  product  of  oxida- 
tion of  opianic  acid,  i  eq.  anhydrous  opianic  acid,  CaoHt  O9, 
plus  1  eq.  oxygen,  is  CaoHt  Oios  2  (C10H4  O5).  The  hemi- 
pinic acid  crystallizes  in  regular  four-sided  prisms.  It  forms 
insoluble  salts  with  the  oxides  of  lead  and  silver. 

7.  Cgtamine,  Cjs  HiaN  Oe.  —  This  is  a  base  formed  along  with 
opianic  acid.  1  eq.  narcotine,  C^t  He  N  Ou,  and  7  eq.  oxygen, 
yield  1  eq.  cotamine,  CSiiHislSrOt  -{-  1  eq.  opianic  acid  Qd  Ha 
Oh)  -{-  1  eq.  carbonic  acid,  C  Oi  -{-  3  eq.  water,  3  H  O. 

Cotamine  forma  a.  deep  jellow  radiated  mass«  soluble  ia 
alcohol  and  in   water.    It  is   bitter  and  alcalioe.  and  fonaa 
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crjrstallizAble  double  iialts  witli  the  bicliloridcs  of  mercury  and 

8.  Bumopiiiie  Acid  is  a  dark  brown  bumus-like  acid  formeil  hj 
the  action  of  lieat  oa  narcotine.  Its  coinpositiDn  is  not  established 
with  cerUiintv,  but  resembles  that  of  other  similar  bodies.  It 
contains  no  nitrogen. 

9.  Apophyllie  Acid.  —  This  seems  to  be  a  product  of  decomposi- 
Uon  of  cotAtnine.  Il  forms  crystals  very  like  those  of  apophyllite 
and  equally  cleavable.  When  heated  it  yields  an  oily  liquid, 
evidently  quinoline.  Its  coaipo»ttoo  is  not  yet  known,  but  it 
contains  nitrogen. 

10.  Xareogemnt,  CnHifNOio,  is  formed,  along  with  opianic 
acid,  when  narcotine  is  not  so  far  oxidised  as  to  yield  coCarnine. 
2  eq.  narcotine  with  5  eq.  oiygen  yield  2  eq.  narcogenine,  I 
eq.  opianic  acid,  and  3  eq.  wiiler.  It  forms  a  crystallizable  double 
Bak  with  bichloride  of  platinum,  but  wliun  separated,  it  is  resolved 
into  narcotine  andcotarnine.  2eq.  narcogenmewith  2  eq.  oxygen 
contain  the  elements  of  1  eq.  narcotine,  1  eq.  cotnrnine,  and  1  eq. 
carbonic  acid. 

11.  Xarcolinic  Acid.  —  When  narcotine  is  heated  with  potash  it 
forms  a  soluble  compound  which  contains  an  acid,  apparently  iso- 
meric with  narcotine,  or  diSeriog  from  it  only  by  1  or  2  eq.  water. 
When  this  acid,  which  is  called  narcotinic  acid,  is  separated  from 
its  salts,  it  rapidly  passes  into  narcotine,  so  that  it  is  unknown  in 
a  separate  form.  Its  atomic  weight  seems  to  be  half  that  of  nar- 
cotine, so  that  1  eq.  narcotme  probably  forms  2  eq.  of  the  acid. 

Such  is  a  very  brief  and  imperfect  account  of  tlie  results  of  the 
recent  researches  of  Wohler  and  of  BIyth  on  narcotine.  They  are 
of  very  great  importance  as  indicolmg  a  method  which  may  lead 
to  the  discovery  of  the  true  constitution  of  the  olcaloide. 

Chelidonine,  C«HbN]  0>. — This  alcaloid  occurs  id  cAelido- 
nium  tnirjut,  along  with  chelerythrine.  It  is  bitter,  insoluble  in 
water,  and  alcaline,  forming  crystaili sable  salts. 

k,  Chtltrythrijie,  found  in  the  same  plant,  forms  a  gray  powder 
which  excites  violent  sneezing.  Witli  acids  it  forms  red  salts, 
which  are  narcotic  and  poisonous. 

t.  Olattcim.  —  This  alcaloid  occurs  in  the  leaves  and  stem  of 
glaudum  luieum.  It  may  be  obtained  in  pearly  scales  ;  its  taste 
is  bitter  and  acrid,  and  it  forms  salts  with  acids.  Its  composition 
is  not  yet  ascertained. 

t.  Olaucopierint  is  found  in  the  root  of  the  same  plant.  It  is 
bitter  and  forms  salts  of  a  bitter  and  nauseous  taste.  Its 
composition  is  unknown. 

d.  Alcaloida  of  the  Solanacete,  the  Strychnen,  and  other  Vegtlabl* 
Families. 

Hyoscyamine.  —  This  base  is  found  in  h^fOKyamu*  *iger  sod 
other  species  of  hyoscyamus.     Ita  composition  is  not  yet  known. 
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It  is  extracted  from  the  seeds  by  a  difficult  and  tedious  process, 
and  may  also  be  obtained,  although  with  much  loss,  by  distillation 
with  potash,  like  conicine.  It  is  very  prone  to  decomposition 
when  in  contact  with  mineral  alcalies.  It  crystallizes,  when  pure, 
in  radiated  groups  of  needles,  but  sometimes  forms  a  viscid 
amorphous  mass.  When  moist  it  has  a  stupefying  smell  like  that 
of  tobacco.  It  is  very  poisonous,  causing,  like  conicine,  tetanic 
spasms.  It  dilates  the  pupil  powerfully.  It  is  fusible  and 
volatile,  but  is  partly  decomposed  when  distilled.  It  dissolves  in 
water,  alcohol,  and  ether.  It  neutralizes  the  acids,  forming 
crystallizable  salts  which  are  very  poisonous. 

Daturine.  —  This  base  is  obtained  from  the  seeds  of  datura  stra^ 
manium.  It  is,  in  preparation  and  properties,  very  analogous  to 
hyoscyamine.  It  is,  however,  less  soluble  in  water,  and  crystal- 
lizes in  fine  brilliant  prisms,  from  its  alcoholic  solution.  It  is  fusi- 
ble, volatile,  and  very  poisonous,  dilating  the  pupil.  Its  salts  are 
crystallizable  and  very  poisonous.  Its  precise  composition  is 
unknown. 

Stramonine.  —  This  is  another  crystalline  compound  found  in 
stramonium.  It  is  crystallizable,  volatile,  soluble  in  alcohol  and 
ether,  insoluble  in  water.  Its  nature  is  uncertam  and  its  compo- 
ntion  unknown. 

Atropine,  CwHisNOa  ?  —  This  alcaloid  is  the  active  principle 
oiairopa  belladonna.  It  is  obtained  like  daturine,  and  being  equally 
prone  to  decomposition,  much  is  always  lost.  It  is  sparingly 
soluble  in  water  and  ether,  more  soluble  in  alcohol.  It  crystal- 
lizes in  white  silky  prisms,  and  sometimes  forms  an  amorphous 
nfass  like  glass.  It  is  very  bitter,  acrid,  and  poisonous,  dilating 
the  pupil  like  hyoscyamine  and  daturine.  It  is  fusible  and  vola- 
tile, and  neutralizes  acids,  forming  salts  which  are  bitter,  acrid, 
and  poisonous,  and  which  crystallize.  These  salts,  from  their 
very  powerful  action  in  permanently  dilating  the  pupil,  are  very 
well  adapted  for  medical  use,  being  much  more  uniform  than  the 
extract. 

e.  SdaninCj  Ch  Hss  N  Oss  ? — This  alcaloid  occurs  in  many  species 
of  solanym,  as  in  S,  nigrum,  S,  dulcamara,  and  in  the  potato,  S, 
tuberosum.  In  the  latter  it  is  found  in  large  quantity,  especially 
in  the  shoots,  when  the  tubers  have  germinated  in  dark  cellars. 
The  shoots  are  extracted  with  dilute  sulphuric  acid,  and  the  solu- 
tion precipitated  while  hot  by  ammonia.  The  precipitate  is  puri- 
fied by  solution  in  alcohol. .  It  forms  a  crystalline  powder,  very 
bitter  and  acrid,  and  highly  poisonous,  but  not  dilating  the  pupil. 
Its  salts  do  not  crystallize  readily.  There  is  some  reason  to  sus* 
pect  that  the  alcaloid  of  the  shoots  of  potatoes  may  be  distinct 
from  that  of  the  bittersweet,  solanum  dulcamara, 

/,  Verainne,  Csi  H»N  Oa  ?  —  This  alcaloid  is  found  in  verairum 
atdHxdilla,  V,  albttm,  dtc.    It  is  extracted  as  atropine  is,  and  is  gen- 
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erally  obtained  rb  «  oiyatiilliiie  powder,  nearly  white,  very  acrid 
and  poisonous,  exciting  when  introduced  into  the  nostril  violent 
and  even  dnnserous  Baeeeiag.  It  is  insoluble  in  water,  but  very 
■oloble  in  alcohol,  and  may  be  obtained,  by  (he  spontaneous  cvap- 
OMiOD  of  its  alcoholic  solution,  in  prismatic  crystals  several  Imea 
itk  length.     It  is  colored  red  both  by  nitric  and  sulphuric  acid. 

Veratrine,  in  the  form  of  tincture,  and  still  more  in  that  of  oint- 
ment, ( 1  drachm,  or  ^  drachm  to  I  oa.  of  lard),  is  now  much  used 
as  an  ei(«rDnl  application  in  neuralgia  and  obstinate  rheumaUc 
pains.  Its  effecU  in  many  cases  are  highly  beneficial.  In  making 
the  ointment  the  veratrine  should  tirat  be  rubbed  with  a  few  dropa 
of  alcohol  to  an  impiilpable  powder,  and  the  lard  then  added..  If 
this  be  not  done,  the  gritty  particles  of  veralrine  in  the  ointment 
causes  so  much  irritation  when  rubbed  inW  the  skin  as  to  prevent 
ila  use  for  any  length  of  time.  Wu  are  indebted  chiefly  to  Dr. 
Turnbull  for  our  knowledge  of  Uic  valuable  properties  of  this 
alcaloid. 

g.  SabadilUw.  —  This  name  has  been  given  by  Couerbe  to  a 
second  crystalline  body  found  by  him  along  with  veratrine.  It  is 
alcaltne,  soluble  in  hot  water,  insoluble  in  ether,  and  forms  crya- 
tallisabte  salts  with  acids.  Couerbe  stales  its  formula  to  be  Cx> 
UiiNOi  ;  but,  according  to  Simon,  it  is  a  compound  of  veratrine 
with  resin,  containing  also  resinate  of  soda. 

A,  Colchicine.  —  This  alcaloid  is  similar  to  veratrine,  for  which  it 
was  formerly  taken.  It  is  found  in  coicAicum  aulumnaie.  It  ia 
crystal lizable,  bitter,  and  very  poisonous.  Nitrie  acid  colors  it 
blue  or  violeL  It  is  soluble  in  water,  alcohol,  and  ether,  lis  salts 
are  crystallizable,  bitter,  acrid,  and  poisonous.  They  might  prol)- 
ably  be  used  in  medicine  advantageously,  instead  of  the  verr 
uncertain  preparations  of  colchicum  which  are  at  present  employedi 
In  a  very  small  dose,  colchicine  causes  purging  and  vomiting.  Ia 
composition  is  unknown. 

t.  Aconkiti*. — This  alcaloid,  the  composition  of  which  is  unknown, 
is  found  in  aconUum  napellui,  and,  probably,  also  in  A.  /erox  and 
other  species.  It  is  obtained  by  (he  usi^  method,  but,  being 
very  prone  to  suffer  change,  much  is  lost.  It  forms  a  crystallina 
powder,  or  occasionally  a  vitreous  amorphous  mass.  It  ia  in  (b« 
highest  degree  bitter,  acrid,  and  poisonous,  and  is  said  by  Geiger 
to  dilate  the  pupil.  On  the  other  hand,  the  plant  contracts  ths 
pupil  and  causes  numbness  of  the  part  to  which  it  is  applied,  and 
Ur.  Turnbull  haa  obtained  an  aconiune  possessing  these  properties 
in  n  very  high  degree.  Either,  therefore,  thers  are  two  bases  in 
the  aconite,  or,  as  is  much  more  probable,  the  aconitine  of  Geiger 
having  an  action  different  from  that  of  the  plant,  is  a  product  of 
decomposition,  while  that  of  Turnbull  is  unchanged. 

Turnbull's  aconiiine  b  an  invalosb'e  remedy  in  the  same  piun< 
ful  diseases  in  which  verstrioe  is  employed.    It  is  unfortunately 
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obtained  in  small  proportion,  and  as  yet  is  very  expensive.  A 
cheaper  and  more  productive  method  of  preparing  it  is  a  very 
great  desideratum. 

k,  Delpfdne,  On  H19  N  O3  ?  —  This  alcaloid,  analogous  to  rera* 
triae,  found  in  staviscure,  ddphinum  staphytagria.  It  has  only 
been  obtained  hitherto  as  a  yellowish  white  powder,  not  crystal- 
lized, very  acrid,  and  poisonous.  It  forms  neutral  salts  hitherto 
little  examined,  It  may  be  used  in  the  same  affections  and  in  the 
same  manner  as  veratrine. 

/.  Slaphisine.  —  This  is  a  substance  found  along  with  delphine, 
and  said  to  be  Gas  Ha  N  O4 .  It  is  acrid  and  poisonous,  but  is  pro- 
bably only  a  compound  of  delphine. 

m.  Emetine^  Csr  Hw  NO  10  ?  —  This  is  the  active  principle  of  ipeca- 
cuanha, the  root  of  cephadis  ipecacuanha.  When  pure,  it  is  a  white 
powder,  alcaline,  soluble  in  alcohol  and  in  hot  water,  insoluble 
m  ether.  -^  oi  ^  grain  acts  as  an  emetic.  In  a  dose  of  from  2  to 
4  grains  it  is  poisonous.     Its  salts  do  not  crystallize. 

n.  Chiococcine,  and  o.  Violine,  are  two  very  similar  alcaloids, 
found  in  chiococca  ramasa  and  vioia  odoraia.  They  are  supposed 
by  some  to  be  emetine  disguised  by  a  little  foreign  matter. 

p.  Strychnine,  04«Hb  Ns  0«,  or  C«  Hj4Na  0«. — This  alcaloid 
is  found  in  nux  vomica,  the  seeds  of  strychnos  nux  vomica,  in  St. 
Ignatius'  bean,  the  seed  of  S.  Ignatii,  in  the  wood  of  S,  colu- 
brina,  and  in  the  poison  called  ujma  tietUe  derived  from  S»  tieuie. 
It  is  extracted  by  decoction  with  dilute  sulphuric  acid,  precipitating 
the  decoction  with  milk  of  lime,  and  acting  on  the  precipitate, 
after  washing  it  with  cold  alcohol,  by  boiling  alcohol,  which  on 
cooling  deposits  the  strychnine  in  very  regular,  transparent,  bril- 
fiant  crystals.  If  brucine  is  present,  it  remains  chiefly  in  the 
mother  liquid,  but  the  two  bases  may  be  separated  by  converting 
them  into  nitrates,  and  crystallizing ;  the  nitrate  of  strychnine 
crystallizes  readily,  while  the  nitrate  of  brucine  remains  dissolved. 

Strychnine  is  very  insoluble,  requiring  7000  parts  of  water. 
It  is  so  bitter  that  1  part  gives  a  very  strong  and  persistent  bitter 
taste  to  40,000  parts  of  water.  It  dissolves  in  hot  alcohol,  although 
sparingly  if  the  alcohol  be  pure,  and  is  insoluble  in  ether.  When 
pure  it  is  only  colored  yellow  by  nitric  acid ;  a  trace  of  brucine  causes 
It  to  be  reddened  by  that  acid.  It  forms  crystallizable  salts, 
which  arc  intensely  bitter.  Their  solutions  are  precipitated  white 
by  alcalies,  by  tincture  of  galls,  and  by  iodide  of  potassium,  in 
white  crystals  by  sulphocyanide  of  potassium,  and  as  yellow  pow- 
ders by  solutions  of  gold  and  platinum. 

Strychnine  and  its  salts,  especially  the  latter,  from  their  solubility, 
are  most  energetic  poisons.  They  produce  spasmodic  motions,  and 
are  used  in  very  small  doses  as  remedies  in  paralysis ;  they  seem  to 
have  a  specific  action  on  the  lower  part  of  the  spinal  column.  The 
average  dose  is  ^-^  of  a  grain.    In  the  event  of  an  overdose,  tke 
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bntanlidoteis  iifuicmof  gdlior  ■trong  t»B,.Wbieh  iOm 4»>iiteinB 
Unnine. 

f,  Srueiiu,  Cm  Hn  Ns  Or.  —  This  dc&loid  oecnn  along  wiA 
stiyohn'me  in  nnx  Tomica,  and  atao  in  the  bbe  angiutnta  bfu^, 
tbo  bark  of  (ntda  antidytentsriea.  It  ■■  prepared  as  strychniae. 
Bawdes  the  methods  above  mentioned  for  separatiBg  the  two  bases, 
there  is  another,  which  is,  to  boil  the  miitore  with  water  as  lone  as 
it  dissolves  bmcine,  or  till  the  slrjchnine  is  no  longer  reddened  by 
nitric  add.  Brucine  forms  large  transparent  crystals,  which  1 
have  found  to  become  opaqae  in  closely- stopped  rials.  It  is  very 
bitter  and  poisonous,  but  much  leas  so  than  strychnine.  It  may 
be  used  Ear  the  same  purposes  in  a  rather  larser  dose.  It  is  red- 
dened strongly  by  nibio  acid,  and  the  red  solution  becomes  violet 
on  the  addition  of  solution  of  tin.  It  is  thus  distingaished  Avm 
strychnine  and  morphine.  Its  salts,  for  the  moet  part,  crystallise 
wiUi  facility. 

r.  Jervint,  Cn  HuNi  Oi.  —  Tbisatcaloidis  fonnd  in  wbitehelle- 
bore,  pert^rum  atbttm,  along  with  veratrine,  from  which  it  is  separ- 
ated easily,  as  it  crystallises  first  from  the  alcoholic  soluliim  ;  and 
its  sulphate  is  far  less  soluble  than  that  of  veratrine.  It  forms  a 
crystalline  powder,  fusible,  insoluble  in  water,  solnble  in  fttco- 
hol,  and  forming  with  sulphuric,  nitric,  and  hydrochloric:  acida, 
very  sparingly  soluble  salts,  so  that  the  solution  of  the  acetate 
is  precipitated  by  these  three  acids. 

*.  Curarine.  —  This  alcaloid  is  obtained  from  the  Sooth  Atnerioaa 
poison  called  eurori,  which  is  derived  from  some  plant  of  the 
nimily  tlrycAnta.  It  is  a  deadly  poison  when  intrcmnced  into  a 
wound,  hut  may  be  swallowed  with  impunity.  The  curarioe  forms 
a  yellowish,  amorphous  bitter  mass,  wnich  is  more  poisonous  ttmn 
the  curari  which  yields  it.  Its  salts  are  bitter,  but  do  not 
crystallite. 

I.  Corydalint,  CHHaNOw?  —  Fonnd  in  the  root  at  eotydalit 
btdboia  and  C.  fabaeea.  It  forms  a  light  gray  powder,  very  solu- 
ble in  alcohol,  which  deposits  it  in  crystals.  It  is  reddened  by 
nitric  acid,  and  forms  cryslallizable  salts  with  acetic  and  sulphuric 

u.  Carapine. —  Foand  in  campus  puianertiu.  It  is  a  white  pearly 
fusible  powder,  very  bitter,  soluble  in  water  and  alcohol,  insoluble  in 
ether,  forming  crystal! liable  salts  with  hydrochloric  and  acetic  acids. 

V.  Cutparint.  —  Fonnd  in  the  true  anguatnra  hark,  that  of  btm- 
plandia  tr^oluria  or  cusparia  febr^vga.  It  forms  fiisible  octahe- 
dral crystals,  sparingly  soluble  iu  water,  very  soluble  in  alcohol. 

w.  Saphnine  occurs  in  the  bark  of  daphne  yaidiitm  and  O. 
meureon.  It  is  obtained  by  distilling  the  infusion  with  magnesia. 
It  is  alcaline  and  acrid,  and  forms  cry  stall  liable  salts  with  nitric 
and  sulphuric  acids,  aoconling  to  Vauquelin.     Baer  and  Gmelin 
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X.  Bebeerine  ia  the  actiye  principle  of  the  bark  of  the  bebeem 
tree  of  Guiana,  which  seems  to  be  analogous  to  quinine.  It  has 
not  been  obtained  crystallized  or  colorless,  but  as  a  brown  mass, 
the  composition  of  which  is  not  yet  ascertained.  Bebeerine  and 
it8  4»a]ts  are  bitter  and  highly  febrifuge.  Dr.  Douglas  Maclagan 
and  Mr.  Tilley  have  found  its  composition  to  be  the  same  as  that 
of  morphine,  namely  C»  H20  N  Oe  ? 

y,  Sanffuinarine  is  found  in  sanguinaria  canadensis.  It  forms  a 
gray  powder,  which  is  alcaline  and  yields  red  salts.  It  excites 
sneezing,  and  is  possibly  identical  with  chelerythrine. 

z.  Azadirine,  found  in  melia  azedarachta,  is  alcaline,  forms  a 
crystallizable  salt  with  sulphuric  acid,  and  is  powerfully  febrifuge. 

aa,  Capsicine  is  the  active  principle  of  the  capsules  of  capsicum 
mnnuum  or  cayenne  pepper.  It  has  a  resinous  aspect  and  a  burn- 
ing taste,  but  when  quite  pure  may  be  crystallized.  It  forms  crys- 
tallizable salts  with  acetic,  nitric,  and  sulphuric  acids.  It  is  solu- 
ble in  alcohol,  insoluble  (when  pure)  in  ether  and  in  water. 

bb.  Crotonine  occurs  in  the  seeds  of  croUm  tigliwn,  and  may  be 
obtained  from  croton  oil  by  bcnling  it  with  water  and  magnesia. 
It  forms  crystals,  which  are  fusible,  soluble  in  alcohol,  insoluble 
in  water,  it  forms  crystallizable  salts  with  sulphuric  and  phos- 
phoric acids. 

cc.  Buxine  occurs  in  boxwood  bark.  It  forms  a  bitter,  brown, 
amorphous  mass,  soluble  in  alcohol,  alcaline,  and  forming  a  crys- 
talline sulphate.     It  excites  sneezing. 

dd.  Apyrine,  found  in  cocos  lapidea.  It  is  a  white  alcaline  pow- 
der, forming  crystalline  salts  with  acids. 

ee,  Cynapine,  from  aUkusa  cynapium.  It  is  crystallizable,  solu- 
ble in  water  and  alcohol,  and  forms  a  crystalline  sulphate. 

jf.  Cisstanpeline,  or  Pelosifte,  from  cissampelos  pareira,  is  a  white 
powder,  soluble  in  alcohol  and  ether ;  alcaline,  forming  soluble 
salts,  of  which  the  hydrochlorate  crystallizes. 

ffp,  Oxyacanihine  and  Berberine  are  two  bitter  substances  found 
in  the  barberry,  berberis  vfdgaris.  The  former  is  decidedly  alca- 
line, and  forms  crystallizable  salts.  The  latter  is  bitter,  yellow, 
and  feebly,  if  at  all,  alcaline.  It  crystallizes,  and  is  used  in  dye- 
ing.    Its  formula  is  Cs  HisN  O12. 

AA.  Surinamine  and  Januxidne  are  two  alcaloids,  found  in  yeof- 
fircea  surinamensis  and  O,  inermis.  Both  are  crystallizable,  and 
form  crystallizable  salts  ;  those  of  the  latter  are  precipitated  by 
tannine  and  corrosive  sublimate. 

tt.  Pipeline,  C»4  His  N  0».  —  This  compound  is  found  in  pepper, 
p^er  nigrum,  and  P.  longum.  It  is  crystallizable,  soluble  in  alco- 
hol, very  pungent.  It  is  a  feeble  ba.se,  but  does  form  salts, 
especially  aouble  chlorides,  containing  hydrochlorate  of  piperine. 

kk,  Menispermine  and  Paramenispermine  are  found  in  coeculus 
indicus,  the  seed  of  menispermum  cocadus.    Meiuspennine  is  white» 
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foKble,  ayitaDiuible,  and  forms  salti,  of  whioh  tlie  mlphate  oryi- 
tulliiee.     Its  formala  is  Cia  Hit  N  0>. 

FaramenUpermtae  has  the  Eame  composition.  It  is  less  fusible, 
but  sublimes  at  a  bigh  temperature.  It  does  not  appear  to  fona 
definite  baIis.  Both  are  insoluble  in  water,  and  soluble  in  alcohol ; 
and  parameniapennine  is  insoluble  in  ether. 

II.  Harmalint,  CjiHisNO. —  This  slcaloid  occurs  united  with 
pliosphoric  acid  in  the  seeds  of  peranum  hamuila.  It  forms  brown- 
i^h-yellow  prisms,  biuer,  Hstringent,  and  acrid,  very  soluble  id 
alcohol,  little  soluble  in  water  or  ether.  It  is  fusible,  and  partly 
volatile.  It  forms,  wiih  acids,  yellow  cry  a  tall  liable  salts.  By 
oxidiiing  agents,  harmaline  is  transformed  mto  a  red  matter,  which 
forms  red  salts  with  acids.  The  harraala  red  of  commerce  is  the 
ponder  of  the  seeds  already  transformed  into  the  phosphate  of  the 
red  harmaline.  It  is  used  in  dyeing,  especially  in  giving  to  »lk 
every  shade  of  red,  rose  color,  and  pink,  It  is  produced  abund^ 
anlly  in  ilie  steppes  of  southern  Russia,  and  is  little  known  out  of 
that  country.  Fritzsche  states  that  hy  oxidation  harmalme  yields 
two  new  bases,  leucoharminu  >ind  chrysoharmine,  the  composition 
of  which  is  not  given. 

mm.  ThtiAr<miine,  C>  Hi  Nj  Oi.  —  This  is  a  crystalline  com- 
pound, found  in  cacao,  the  seed  of  Iheobroma  cacao.  It  can  hardly 
be  called  an  alcaloid.  It  is  very  analogous  ta  llie  next  substance, 
caffeine. 

nn.  Cff/eine,  CiH.  NaOt.  Stk.  Thiive ;  (Juaronine.  —  This 
remarkable  compound  is  found  in  coffee,  in  tea,  in  guarana  o0- 
einalu,  or  pauUinia  sorbiiis,  and  in  ilex  paraguoytiuit.  It  is  best 
obtained  by  adding  to  a  decoction  of  tea  a  slight  excess  of  acetate 
of  lead,  and  evaporating  to  dryness  the  Jiltered  liquid.  The  dry 
mass,  mixed  wiih  sand,  is  heated  in  tlie  apparatus  described  for 
benzoic  acid,  when  caffeine  is  obtained  in  crystals.  Tea  yieldi 
more  than  1  per  cent. 

Caffeine  forms  line  while  prisms,  of  a  silky  lustre,  which  are 
soluble  in  water,  alcohol,  and  ether,  bitter,  fusible  and  volatile. 
It  is  u  feeble  boae,  but  forms  with  hydrochloric  acid  and  sulpbuiio 
acid,  salts  which  yield  very  lurge  crystals. 

It  is  very  remarkable,  that  caffeine  should  approach  so  nearly  in 
composition  to  alloxan  and  alloxanline.  Anhydrous  alloxan,  plus 
1  cq.  water,  is  Ci  Ni  H>  On,  and  alloxandoe  is  Ci  N*  H>  Oin, 
while  cafTeiuu  ta  Ci  Ng  Hi  Oi,  differing  from  the  one  by  9,  from 
tlie  other  by  8  eq.  oxygen. 

We  shall  hereafter  see  how  close  a  connection  can  be  traced 
between  the  hile  and  the  urine  ;  but  in  the  meantime  it  is  a  most 
striking  fact,  that  tea,  coffee,  Paraguay  tea,  and  guarana,  are  all 
used  by  different  and  distant  nations  for  the  same  purpose,  namely, 
as  a  refreshing  and  gently  stimulating  drink,  which  notoriously 
promotes  the  vital  functions,  while  all  these  plants  contain  the  veij 
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same  compoand,  and  that  one  allied  to  the  bile  and  the  urine,  the 
chief  products  of  the  vilal  metamorphosis.  The  quantity  of  caf- 
feine in  tea  is  indeed  small,  but  not  too  small  to  have  a  perceptible 
influence  on  the  system.  Peligot  has  shown  that  gunpowder  tea 
contains  6  per  cent,  of  th^ine  (caffeine). 

By  the  action  of  nitric  acid,  caffeine  yields  a  crystalline  nitro- 
genized  compound,  nitroth^ine. 

Besides  caffeine,  or  th6ine,  tea  contains  14  or  15  per  cent,  of 
caseine,  and  the  leaves  are  therefore  nutritious,  when  eaten,  as 
they  are  by  some  oriental  nations. 

e.  Alcaloids  found  in  the  Animal  Organism. 

Only  two  such  bases  are  yet  known,  namely:  urea,  already 
described  as  occurring  in  the  urine  ;  and  kreatinine,  which  Liebig 
has  detected  both  in  the  juice  of  flesh  and  in  urine,  and  which  will 
be  described  as  an  artificial  base,  it  having  been  first  observed  as 
a  product  of  the  action  of  acids  on  kreatine. 

The  following  substances  have  been  noticed  as  alcaloids,  but 
are  very  little  known :  castine  in  vUex  agnus  castus  ;  cicutine  in 
cictUa  virosa;  chserophylline  in  chcerophyllvm  btdbosum;  esen- 
beckine  in  esenbeckia  fdnifuga ;  digitaline  in  digitalis  purpurea; 
eupatorine  in  evpatorittm  cannabinum  ;  euphorbine  in  eupharbittm  ; 
convolvuline  in  convolvtUua  scammonium ;  and  pereirine  in  pereira 
bark, 

2.  Artificial  Organic  Bases. 

Within  the  last  few  years,  a  very  considerable  number  of  arti- 
ficial organic  bases  have  been  formed,  and  the  number  is  rapidly 
increasing.  We  have  already  briefly  alluded  (page  499)  to  the 
sources  and  mode  of  preparation  of  this  class  of  artificial  com- 
pounds, but  we  shall  here  offer  a  few  general  remarks  on  the 
subject. 

All  the  organic  bases,  at  least  all  those  which  are  analogous  to 
ammonia  in  their  relation  to  acids,  and  the  salts  of  which  undergo 
the  ordinary  decompositions,  contain  nitrogen  as  an  essential  ele- 
ment. The  only  organic  compounds  ever  called  bases  which  do 
not  contain  nitrogen,  are  the  oxides  of  ethyle,  methyle,  and  other 
analogous  radicals.  But,  as  formerly  observed,  these  oxides  have 
not  the  above  mentioned  characters  of  ammonia,  and  their  salts 
do  not  undergo  the  usual  decompositions.  It  is  true  that  oxide 
of  cacodyle,  which  is  a  perfect  base,  contains  no  nitrogen ;  but 
cacodyle  has  all  the  chemical  relations  of  a  metal,  and  its  oxide 
cannot  be  classed  with  the  true  organic  bases. 

Nitrogen  being  an  essential  constituent  of  organic  bases,  it  is 
very  natural  that  ammonia  should  generally  be  directly  or  indi- 
rectly concehied  in  their  formation,  when  they  are  derived  from 
non-azotized  substances.    Such  is,  in  point  of  fad,  very  often  the 
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ense.  Tbns,  for  example,  baies  are  formed  wbea  unmonta  acta 
on  oil  of  bitter  almonds,  on  furfurole,  and  on  oil  of  mustard. 
Again,  bases  are  rery  often  formed  b^jiroceises  of  reduction,  that 
is,  of  deoxidation.  For  example,  aDilme,  picoline,  and  leucoline, 
occur  in  the  deatmclive  distillation,  a  process  of  reduction ;  and 
tbinldine  is  formed  by  the  action  of  sulphuretted  hydro^n,  a  pow- 
erful redudng  t^nt,  on  aldehydannnotiia.  Here  ammonia  is  alw 
present;  and  perhaps  the  most  powerful  and  sncceesful  means  at 
our  command  for  the  production  of  artificial  bases,  is  the  combined 
action  of  ammonia  and  sulphuretted  hydrogen,  w,  in  other  words, 
the  use  of  sulphide  of  ammonium. 

Bases  are  obtained  when  sulphide  of  ammonia  is  made  to  act 
on  nitronaphlalase,  nitronaphtalese,  nitrobeniole,  dinitrobeniole, 
and  nicrotoluole. 

In  some  cases,  bases  are  formed  when  azotized  compounds  are 
heated  with  potash  or  with  baryta.  Thus,  isaUne,  chloriiatine, 
Jic,  when  heated  with  potash,  yield  aniline  and  chloraniline  ;  lea- 
coline  is  formed  by  the  action  of  potash  on  quinine,  Ac,  melamine 
and  ammeline,  when  melam  is  boiled  with  potash ;  g;lycocoll  is 
obt^ned  by  beating  gelatine  with  potash,  and  sarcoune,  by  beat- 
ing krealine  with  baryta. 

As,  in  most  of  these  cases,  hydrogen  gas  is  giren  off,  the  process 
is  apparently  one  of  partial  oxidation,  and  we  see  therefore  that 
reduction  is  not  esssenlial. 

Occasionally,  acids,  when  boiled  with  asotized  compounds,  gire 
rise  to  bases.  Thus,  glycocoll  is  formed  when  hippuric  acid  is 
boiled  with  hydrochloric  acid ;  and  kreatine,  when  boiled  with 
strong  acids,  yields  the  base,  kreatinine. 

Ariificial  urea,  already  described,  is  produced  by  a  spontaneous 
trans  form  atiim  of  cyanate  of  ammonia. 

Such  are  the  modes  in  which  artificial  baaes  are  formed,  as  far 
as  we  know  them  at  present.  Host  of  them  are  of  very  recent  dis- 
covety,  and  it  is  probable  that,  when  more  extensively  applied, 
they  will  yield  many  new  bases.  New  methods  will  also  be  dia- 
covcred.  and  we  may  hope,  ere  long,  to  solve  the  problem  of  the 
artificial  production  of  the  vegetable  alcaloids,  a  class  of  oom- 
pounda  of  the  highest  value  in  medicine. 

Already,  we  have  formed  artiliciBlly  two  natural  bases,  namely, 
kreatinine  and  urea;  and  although  we  have  not  yet  produced 
quinine  or  morphine,  yet  several  of  the  artificial  bases  approach 
very  closely  in  composition  to  thai  class  of  bodies.  Thus  furfiirine, 
CnNi  HiiO«,  approaches  to  morphine,  C>NH«iOg.  Again,  we 
cannot  yet  form  nicotine,  Cm  Hi  N,  or  conicine,  CwHiaN;  but  we 
have  produced  aniline,  CnHiN;  lencoline,  CkHiN;  toluidine, 
CkHdN;  semiuaphlalidine,  CmHiN;  and  naphtalidine,  CnHs 
N  ;  and  sever^  of  these  approach  to  nicotine  and  c 
closely  in  pr<^rties  as  they  do  in  composition. 
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It  is  important  to  observe,  that  we  seem  to  have  acquired,  in 
some  degree,  the  remarkable  power  possessed  by  the  living  vege- 
table, of  causing  less  complex  molecules  to  coalesce  so  as  to  eive 
rise  to  those  which  are  more  complex.  Thus,  when  oil  of  bitter 
almonds,  CuHs  Os,  is  converted  into  amarine,  CisHtsNa,  or  pic- 
rine,  Ci2N4  Ht2  0i«,  3  eq.  must  have  coalesced  into  1;  and  to  yield 
lophine,  C^zHieNs,  4  eq.  must  have  been  used.  Again,  when 
furfurole,  CisHs  Oo,  yields  furfuriae,  CnNa  HisOe,  2  cq.  must 
have  coalesced.  Till  the  discovery  of  such  artificial  products,  all 
those  organic  compounds  formed  by  art  were  the  results  of  an 
opposite  process,  namely,  of  the  breaking  down,  or  resolution,  of 
more  complex  into  less  complex  molecules.  We  could  imitate 
nature  in  her  destructive  processes,  but  not  in  those  of  a  construc- 
tive character.  Now,  to  a  certain  extent,  we  can  do  both.  It  is 
hardly  necessary  to  point  out  the  importance  of  the  power  alluded 
to,  which  may  hereafter  lead  to  the  discovery  of  the  means  of 
artiticially  producing  the  highly  complex  molecules  which  charac- 
terize the  animal  kingdom.  It  is  in  this  point  of  view,  that  the 
formation  of  artificial  bases  is  so  interesting,  and  on  this  account 
we  have  dwelt  at  some  length  on  the  general  nature  of  the  pro- 
cesses employed  to  produce  them. 

We  shall  now  briefly  describe  the  artificial  bases,  in  so  far  as 
they  have  not  hitherto  been  mentioned,  and  we  shall  group  them 
according  to  their  properties  and  the  sources  whence  they  are 
derived. 

a.  Volatile  Oily  Artificial  Alcaloids. 

^71*^*11^,  Ck H 7  N.  Syn.  Crystalline;  Bemidam;  Cyande. — 
This  base  has  already  been  described  as  derived  from  indigo, 
anthranilic  acid,  and  isatine,  and  as  produced  also  by  the  action 
of  bases,  aided  by  heat,  on  nitrotoluole,  (protonitrobenzo^ne). 
It  is  further  produced,  along  with  other  bodies,  when  nitrobenzole 
(nitrobcnzide)  is  distilled  with  alcohol  and  potash,  and  when  the 
same  compound  is  acted  on  by  sulphide  of  ammonium.  Lastly, 
it  occurs  m  coal-tar,  and  in  the  oil  obtained  by  the  destructive 
distillation  of  animal  matter. 

We  shall  here  give,  in  one  view,  the  equations  which  explain 
the  production  of  aniline,  as  no  other  compound  admits  of  being 
produced  in  so  great  a  variety  of  ways,  and  all  these  equations  are 
mstructive. 

1.  CuNHeOsjHO   =   2COi  +   CnH^N 

V — . f  y , 1 

Anthranilic  acid.  Aniline. 

2.  C   NHs04+4(KO,HO)=4(KO,CO«)  +  CriH7N  +  H» 

V y '  > ^ f 

lutine.  Aniline. 

3.Ci«  V^'qA  +2BaO=:2(BaO,CO«)-f  Ci«H7N 
NttrotoliMto. 
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4-Cb  IJJo^J  +e(NH4S)  =  4HO  +  6NH.+C«H7N  +  S. 


}N0< 


+  C.H.0.+  2(K0  HO)=Ci.H.  N  +  C«H.N 


Alcnlial. 


Nltrobens... 

+  9C.Oj,KO  +  4HO 

OuUls  of  poUab, 

These  equations  will  give  the  reader  some  idea  of  the  grent 
variety  of  jjroce&aes  by  which  one  organic  base  maj  be  formed, 
and  it  is  probable  that  every  one  of  these  processes  may,  if 
applied  to  other  compouoda,  give  rise  to  other  bases.  In  fact, 
this  is  already  the  case,  as  will  be  seen  farther  on,  with  the  pro- 
cesses Noa.  2,  3,  and  4. 

Besides  the  above  sources  of  aniline  there  is  another,  namely, 
the  destructive  distillation  of  azotized  matter.  That  of  indigo  ii 
explained  by  No.  1,  as  onlhranilic  acid  is  probably  first  formed 
and  then  destroyed.  But  aniline  is  perhaps  best  obtained  from 
the  basic  oil  of  coal-tar.  The  crude  oil  of  coal-tar  ia  well  ^tated 
with  hydrochloric  acid,  which  takes  up  the  bauo  oils  in  an  irnpnn 
state.  They  are  separated  from  the  acid  by  ammonia,  and  consist 
chiefly  of  aniline  and  leucoline.  The  former  is  found  in  that  part 
of  the  oil  which,  when  it  is  rectified,  passes  at  near  360°,  and  it  ia 
purified  by  rectification  till  it  diatijis  at  that  temperature,  comtUD- 
ing  it  with  oxalic  acid,  purifying  the  oxalate  by  crystalUiation,  and 
distilling  the  pure  salt  with  potash. 

Aniline  is  a  colorless  oil,  highly  refracting,  of  8p.  Q.  1-020.  It 
has  a  burning  taste,  and  a  pleasant  vinous  smell  when  pure.  It 
turns  the  dehcate  purple  of  the  dahlia  to  green,  but  does  not  act 
on  turmeric.  A  drop  of  it  on  fir-wood,  moistened  with  hydro* 
chloric  acid,  strikes  a  deep  yellow  color.  It  produces  a  deep  but 
fugitive  purple  with  a  solution  of  bleaching  powder.  It  neutritlizes 
acids,  forming  soils  which  have  a  very  great  tendency  to  crystal- 
lize :  hence  the  name  crystalline.  In  combining  with  oxygen 
acids,  aniline,  like  ammonia,  takes  up  1  eq.  of  water,  but  it  com- 
bines  directly,  like  ammonia,  with  hydrogen  odds.  IJk«  ammonia 
also,  its  chloride  forms  double  salia  with  bichloride  of  platinum 
and  other  analogous  salts. 

Nitric  acid  converts  aniline  into  nitrophenislc  (picric  or  nitropic- 
ric)  acid  ;  and  by  the  action  of  chlorine,  and  of  cnlorate  of  potash 
with  hydrochlono  acid,  it  is  converted  into  chlorophenisio  aad 
chlorophenueic  acids,  chloranile  and  trichloraniline.  Bromine 
produces  tribromoniline.  These  transformations  prore  that  aniline 
belongs  to  the  series  of  phenyle,  as  formerly  explained.  In  fae^ 
it  has  the  compoution  of  phenylamide,  for  Cu  H?  N  « 
See  table,  p.  496. 
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The  analogy  of  aniline  with  ammonia  extends  beyond  what  has 
been  above  stated  ;  for  as  ammonia  forms,  under  certain  circum- 
stances, such  compounds  as  oxamide  and  carbamide,  the  latter 
only  known  in  combination,  so  does  aniline,  under  similar  circum- 
stances, yield  analogous  compounds,  oxanilide  and  carbanilide.  It 
even  yields  formanilide,  the  analogous  compound  to  which,  for- 
mamide,  is  not  known.  A  compound  has  also  been  obtained 
in  which  the  oxygen  of  carbanilide  is  replaced  by  sulphur.  — 
( QerhardL     HiffmanY 

Hoffman  has  also  discovered  that  cyanate  of  aniline  spontane- 
ously passes  into  aniline-urea,  as  cyanate  of  ammonia  does  into 
mrea. 

It  has  already  been  mentioned,  that  by  heating  cblorisatine» 
bromisatine,  dec,  with  potash,  bases  and  neutral  compounds  are 
obtained  in  which  the  hydrogen  of  aniline  is  replaced  by  chlorine 
and  bromine,  and  that  by  the  action  of  sulphuretted  hydrogen  and 
ammonia  on  dinitrobensole,  another  base,  nitraniline,  is  formed,  in 
which  1  eq.  of  hydrogen  is  replaced  by  1  eq.  of  nitrous  acid.  A 
table  of  these  last  compounds  having  been  already  given  (see  p. 
496),  we  shall  here  give  only  a  tabular  view  of  the  analogy 
between  aniline  and  ammonia. 


Ammonia  in  its 
chloride,  &«. 

Anmionia  in  its 
sulphate,  9ilc. 

Ammonia  plati- 
num salt,  &c. 


NHs 

NH3,H0: 

NH4,0 

SNH4CI  + 
\  Pt  Cl« 


Aniline  in  its 
chloride,  d^. 

Aniline  in  its 
sulphate,  dtc. 

Aniline  plati- 
num salt,  &.C. 


Cit  N  H7 

CiiNH7,H0  = 
CifNH«,0 
CitNH8,Cl  + 
PtClt 


Oxamide  j  (Th;  0,C.  03).-.aHO^"'*ili^^  |(C..NH^O.C,03) 

^^^  UN  H4  O,  C,  N  O)  Anibne-urea  |  (Cu  N  Ht  O,  Ca  N  O) 

It  is  impossible,  after  considering  the  facts  exhibited  in  the 
above  table,  to  doubt  the  perfect  analogy,  existing  in  all  their 
chemical  relations,  between  ammonia  and  aniline.  Our  space  will 
not  admit  of  farther  details  concerning  the  remarkable  derivatives 
of  aniline  here  mentioned. 

Picoline,  Cis  H7  N,  is  another  volatile  oily  base,  isomeric  with 
aniline,  lately  discovered  in  coal-tar  by  Dr.  T.  Anderson.  It  is 
found  in  the  more  volatile  portion  of  the  basic  oil,  boiling  at  272^. 
It  has  no  action  on  bleaching-liqnid  or  on  fir-wood.  It  is  a  power- 
ful base  ;  and  as  it  has  a  strong  penetrating  odor,  it  is  probably 
idenUcal  with  the  odorine  of  Unverdorben,  which,  however,  was 
not  obtained  in  a  state  of  purity.  Under  naphtaline,  we  shall 
return  to  the  isomerism  of  omline  and  picoline. 

Leucoline.  Stn.  Quiuoline,  CisHi  !n. — This  base  is  found  ia 
the  least  volatile  portion  of  the  basic  oil  of  coal-tar,  and  is  also 
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fomed  vhen  qiuiime,  oinchonine,  •Iiychiune,  and  tbialdioe  m 
heftted  with  potash.  It  has  a  disagreeable  smeH,  and  boils  at 
460°.  Itt  Sp.  G.  u  I'Oai.  It  neutraliEes  acids,  forming  cryttal- 
Ucable  salts.  Its  retractive  and  disperuve  .power  is  as  bigh  w 
that  of  bisulphide  of  carbon. 

Toluidirie,  Cu  Ht  N.  —  This  base  is  formed  by  the  actioo  of 
BulphureUed  hydrogen  and  ammonia  or  nitrololuole,  na  aniline  is 
from  tutrobeniole.  It  is  derived  from  tbe  fundamental  compound 
of  the  series,  tolnole,  Ch  Hi,  as  aniline  is  from  benzole  or  phtee, 
C..H.. 

Cu  \jiQ^  \  +6NH.  8  =  6NHs  +  4HO  +  CmHiN  +  S. 


Toluidine  is,  in  taslo  and  smell,  very  simitar  to  aniline;  and, 
although  solid  and  crystalline  at  the  ordinary  temperature,  it  iiKlti 
at  104°  to  a  highly  refractinK  oil,  which  boils  at  388°.  It  also 
turns  fir-Hood  yellow,  with  tne  aid  of  hydrochloric  acid.  It  be- 
longs, therefore,  evidently  lo  the  class  of  volatile  oily  bases,  none 
of  which,  as  we  have  seen,  contain  oxygen- 

With  bromine,  toluidine  yields  a  crystalliae  body,  { 


mpomut.     Th«H 


and   ohlcrine   appears  to  form  an  analogous  compomut. 
products  oorr«spond  to  tHbromanilioe  and  ti^chloranilina. 

Let  us  now  place  together  the  natural  and  artificial  oily  bai 
and  we  shall  be  struck  with  the  analogy  in  tbeir  composition. 

Nicotine  CxiHtNf  m  .      i    'i    l 
ConicineC,.H»Ni  Natural  o.ly  b 
Aniline     C.i  Hi  N 
Piroline   Cit  Hi  N 
Toluidine  ChHiN 
LeucolineCKHiN 

The  analogy  extends  to  the  properties  oi  tUese  bases ;  for  aid- 
line  is  said  to  be  poisonous,  and  we  have  seen  Ibat  in  all,  tha 
external  characters  are  similar. 

Aniline  and  toluidine  have  been  formed  from  tbe  two  carbohy- 
drogens,  benzole  CiiHt,  and  toluole,  CitHi,  by  first  converdng 
tbem  into  nitrobenzole  and  nitrotoluole,  and  then  treating  these 
compounds  as  above  explained.  It  is  evident,  therefore,  that,  if 
we  had  the  carbohydrogens,  CnHa  and  Cm  Hit,  we  might  expect 
to  be  able  to  form  nicotine  and  conicine. 

b.  Bases  derived  from  Naphtalioe. 

These  bases  are  formed  in  a  manner  quite  analogous  to  that  In 
which  aniline  is  produced  from  bentote,  and  toluidine  from  toluole. 
Tbe  corbohjrdrogen  is  first  converted,  by  ^e  action  of  nitrio  acid, 
into  a  compound  in  which  H  is  replaced  by  SO*  ;  and  tbe  new 
product,  aoooidlng  to  the  ingenioas  proceaa  devisod  by  Zmin,  in 
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dissolved  in  alcohol,  and  acted  on  by  ammonia  and  snlphoretted 

hydrogen. 

Stfininaphtalidine,  CioHs  X,  is  obtained  when  nitronaphtal^se  is 
treated  by  Zinin's  process. 

Cio  J"^Q^+13NH4S  =  8HO+12NHs  +  Si2  +  i(CioHs  N) 

^T V    ,,  '  ScmlBaphUlidiBK 

N  itronaphtal^ie. 

It  forms  reddish-yellow  prisms,  of  metallic  lustre,  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  yielding  crystallizable 
salts  with  acids. 

Naphtalidine,  CjoH»N,  is  produced,  in  a  similar  way,  from 
nitronaphtalase. 

C»  JS04I  +6NH4  S  =  4HO  +  6NH8  +  S«  +  CapH9N 

^- \.  ,  J  XaphtelidliM. 

It  appears  in  the  form  of  colorlesa  crystals,  soluble  in  alcohol 
and  ether,  and  combines  with  acids,  yielding  crystallizable  salts. 

c.  Bases  derived  from  Oil  of  Mustard. 

These  bases  have  already  been  briefly  described  under  the  head 
of  oil  of  mustard.     They  are  as  follows  : 

1.  TMwnnnamine,  C<  Ht  Ns  Ss,  formed  by  the  action  of  am* 
monia  on  oil  of  mustard. 

Ct  Hs  N  S>  +  N  H  3  =  Cs  Hs  Ns  Ss 

> « '  V  V  / 

Oil  of  miutanL  ThiovinnAmine. 

2.  Sinnamine,  Ct  Ht  Ns  or  C4  H3  N,  formed  when  thiosinna- 
miue  is  acted  on  by  hydrated  oxide  of  lead. 

CiHtX3Sa+"2(PbO,HO)  =  2PbS-f  4HO+C«H«N« 


■V*- 


Thkwtun&mintf.  Sinnamina. 

3.  Sinapoiine,  CuHifXaOs,  formed  when  oil  of  mustard   ia 
acted  on  bv  baryta  or  oxide  of  lead. 

2(CtH5  XS2)  +  6PbO  +  2HO=:3(PbO,CO«)  +  4PbS  + 
■V    ,    .^  Cu  Hu  Na  Oa 


Oil  of  maatard. 

Slnapoline. 


The  above  equations  will  serve  to  explain  the  formation  of  these 
remarkable  compounds,  all  of  which,  it  will  be  seen,  are  produced 
by  the  action  of  bases,  and  one  of  which  contains  sulphur,  an 
element  hitherto  only  known  to  occur  in  one  other  organic  base, 
namely,  thialdine. 

d.  Bases  derived  from  Aldehyde. 

These  bases  are  of  recent  discover}',  and  have  been  briefly 
mentioned  under  Aldehyde.  For  the  convenience  of  the  reader, 
we  here  repeat  the  equation  Which  illuatratea  their  fimnation. 
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8(NHi,C.  H4  0,)  +  6HB  =  2(.NH4,S)+6HO  +  Ci>H>>N8*. 


A)delijduinioiil*.  ThUldlM. 

Setennldlne,  CiiHuNSei,  is  formed  by  a  perlecll]'  anoIogouB 
process. 

«.  Bues  derived  from  Helatn. 
Tbese  bases  have  been  nlready  described,  p.  32*  ;  bat  we  shall 
here  repeat  the  eqnation,  for  the  sake  of  easy  reference.     When 
melam  it  boiled  with  potash  it  yields  two  bases,  melamine  and 
ammetine. 
Cn  Hii  O,  +  2  (K O,  H  0)  =  C.  H.  N,  +  C.  N,  H,  O.  +  2  K  O. 


/.  Bases  derived  from  Oil  of  Bitter  Almonds. 
Two  of  these  baat^s  have  also  been  mentioned,  p.  350,  and 
another  has  since  been  described.     We  shall  now,  as  was  pro- 
mised under  Amarine  and  Lophine,  ^ve  a  brief  account  of  these 
compounds. 

Amarine,  CuHuNi,   is   formed    from    hydrobeniiKmide,  with 

which  it  is  isomeric  or  polymeric,  by  boiling  the  latter  compound 

with  potash.    The  formation  of  bydrobenzamide  is  thus  esplaJoed  : 

3  (Ci«  H,  00  +  3  N  H,  =  6  H  O  +  CuHkN.. 


When  hydrobenzamide,  a  neutral  compound,  is  boiled  with 
potash,  A  new  arrangement  of  particles  takes  place,  and  a  base 
IS  the  result.     It  is  possible  tnat  hydrobenzamide  is  realty  =: 

,^^.'*  ^.' :  or,  if  we  represent  ^  (i  of  N)  by  Kx.  then  hydroben- 
zamide  will  be  Ch  Hi  Ak  ;  that  is,  hyduret  of  benioyle,  in  trhieh 
Oi  is  replaced  by  Azs.  In  this  case  3  eqs.  of  hydrobenBamide, 
CwHf  Azi,  coalesce  to  form  1  eq.  of  amarine  ;  3(CHHaAsi)=3 
C-Hi.N.'. 

Amarine  forms  fine  white  needles,  soluble  in  hot  alcohol, 
insoluble  in  water.    It  has  all  the  characters  of  a  powerful  organie 

Lophine,  C,  HkNi,  is  formed  when  bydrobemamide  Is  distilled. 
Ammonia  is  ^ven  off,  then  a  fragrant  oil  and  a  mass  is  left,  from 
.which  ether  removes  a  substance  not  yet  examined,  leaving  the 
lopliine  undissolved.  Lophine  is  soluble  in  alcohol  with  ibe  aid  of 
acids,  and  ia  precipitated  by  ammonia.  It  forms  fine  silky  crystals, 
which  possess  alt  the  characters  of  a  base.  We  cannot  as  yet 
represent  its  formation  accnratety,  because  the  accompanying  pro- 
ducts have  not  yet  been  properly  investigated  ;  but  it  is  evideat 
*Jiat  if  hydrobensamide  be  Cn  Hn  Ni,  then  i  eq.  at  least  must  be 
required  to  yield   one  of  lophine ;   and  if  hydro benzamide   be 
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Cu  H«  Az2,  as  sugofestcd  under  Amarine,  less  than  4  eq.  could  not 
furnish  one  of  lopliine. 

By  the  action  of  hot  nitric  acid,  lophine  yields  a  yellow 
crystalline  compound,  trinitolophyle,  the  K)rmula  of  which  is  Cu 

3N04  \  ^'• 

Picrine.  Stn.  Picryle,  C«Hi5N04,  —  Is  formed  when  the 
mass  produced  by  acting  on  oil  of  bitter  almonds  by  sulphide  of 
ammonium  is  distilled.  It  is  one  of  a  large  number  of  products, 
not  fully  examined,  so  that  its  formation  cannot  be  represented  in 
the  usual  way.  It  must  be  produced,  however,  by  the  coalescence 
of  3  eq.  of  the  oil.  It  forms  colorless  octahedrons,  insoluble  in 
water.     It  appears  to  have  the  properties  of  a  weak  base. 

By  the  action  of  nitric  acid,  picrine  is  converted  into  a  yellow 

crystalline  powder,  trinitropicryle,  C«)q]Jo    [^^*« 

The  formation  of  the  three  preceding  bases  is  very  important,  in 
reference  to  the  views  expressed  in  the  general  remarks  on  the 
artificial  bases,  as  they  are  good  examples  of  the  power  of  building 
up  complex  Molecules  from  such  as  are  less  complex. 

g.  Base  derived  from  Furfurole. 

Furfurole,  Cis  He  0«,  is  a  volatile  oil  obtained  by  heating  bran 
with  sulphuric  acid.  When  this  oil  is  acted  on  by  ammonia,  it 
yields  a  crystalline  compound,  furfurol amide,  analogous  to  hydro- 
benzamide.     Its  formula  is  C15N  H«  O3. 

Ci6He08+NH3=3HO  +  Ci5H6N03. 

Furftuole.  VurAirolsmidQ. 

Furfurine,  CsoHiaN3  0«,  is  a  base,  formed  when  furfurolamide 
is  dissolved  in  hot  potash,  just  as  amarine  is  formed  from  hydro- 
benzamide.  Here  2  eq.  of  furfurolamide  coalesce  to  form  1  eq.  of 
the  base. 

Furfurine  is  a  powerful  base,  soluble  in  hot  water,  and  crystal- 
lizable.  It  expels  ammonia  from  its  salts  when  heated  with  them» 
and  forms  crystalline  salts  with  acids.  In  compo^tion  it  approaches 
nearly  to  several  vegetable  alcaloids. 

h.  Bases  derived  from  Narcotine. 

These  bases,  cotarnine,  CisHisNOs,  and  narcogenine,  CmHu 
N  Ow,  have  been  already  described  under  Xarcotine, 

i.  Bases  derived  from  Animal  Products. 

GlycocclL  Stn.  Sugar  of  gelatine,  C4NHS  O4.  —  This  remark- 
able compound  was  first  obtained  among  the  products  of  the 
decomposition  of  gelatine  by  boiling  with  potash  or  with  acids. 
But  Dessaignes  has  lately  discovered  that  it  is  best  prepared  by 
heating  hippuric  acid  with  hydrochloric  acid,  when  water  is  lakctt 
np,  and  benioic  acid  is  the  only  other  prodnet 


8AEC08»S.  —  KUAtmn. 
CnNH.O«+SHO  =  CMHiOt+C«NHi  O4. 


EjinXta  hlppnrte  ■£».  Iljdntod  beuolo  icM.    Bjintai  gljnscnU. 

It  forms  large  irHDspnrenC  crystals,  soluble  in  water,  and  vety 
Bweet.  It  lias  ibe  properties  of  a  baae,  and  neutmlizes  acids,  form- 
ing beBulifuUf  crystallized  salts ;  but  Horsford  has  shown  that  it 
also  combines  with  bases  and  neutral  bodies.  By  its  composition, 
it  is  closely  related  to  many  different  compounds,  and  probably 
plays  an  important  part  in  the  animal  organism. 

Sarcosine,  C>  N  Ht  0<.  —  This  base  is  formed,  &long  with 
area,  wlien  tfreatine  is  boiled  with  baryta  ;  but  the  urea  is  resolTed 
into  carbonic  acid  and  ammonia. 

C.Ni  HiiOi  +  9BBO  +  9HO  =  3(BaO,COi)+3NHi+. 

• . '  C,NH,0«. 

Hjdnt>]  RmtUi.  • 

Sarcosine  forms  right  rhombic  prisms,  soluble  in  water,  fusible, 
and  volatile  at  a  hcatnotmiieh  beyond  212°.  It  neutralizes  ftci da, 
and  has  all  the  characU'rs  of  an  alcaloid.  It  is  isomeric  with  ure- 
thane,  or  carbtimal^  of  oxide  of  etbyle,  and  with'<Hctamide,  or 
anhydrous  laclAte  of  ammonia. 

Kreatinine.  CiNiHtOi.  —  This  base  occurs  in  the  juice  of 
flesh,  and  in  urine  —  (J.ie6iff) ;  but  it  was  Grst  observed  as  a  pro- 
duct of  the  action  of  acids  on  krealine.  When  kreatine  is  boiled 
with  hydrochloric  acid,  4  eq.  of  water  are  given  off,  and  the  new 
base  ii  found  combined  with  the  acid. 

CtNa  HiiOt+HCI  =  4HO  +  {C.  NsHt  O.  +HC1). 

KntUna.  HTdioctaloiM*  of  kniUiH. 

Kreatinine  is  separated  from  the  hydrochlorate  by  meana  of 
oxide  of  lead.  It  forms  prisms,  soluble  in  water  and  alcohol.  It 
combines  with  acids,  yielding  cry  stall  izable  salts,  and  it  has  alt  the 
characters  of  &  powerful  organic  base. 

Kreatinine  is  important,  as  occurring  in  the  animal  organism. 
Under  the  urine  and  the  juice  of  flesh  we  shall  return  to  it.  The 
substance  discovered  by  Pettenkofer  in  urine,  is.  according  to  lie- 
big,  a  mixture  of  kreatinine  with  kreatine. 

We  have  now  gone  through  the  arlilicia]  as  well  as  the  natural 
alcaloids,  and  the  present  is  the  proper  place  to  say  a  few  words 
oonccming  the  constitution  of  this  class  of  compounds.  Of  the 
constitution  of  the  vegetable  bases  nothing  certain  »  known  ;  but 
the  modes  of  formation  of  the  artificial  alcaloids  have  suggested 
certain  views  as  possible  or  even  probable. 

In  the  Grst  place,  it  may  be  considered  very  probable  that  all 
alcaloids  are  formed  by  substitution  from  other  substimces,  as  for 
example,  aniline  from  nitrobeuiole,  and  toluidine  from  nitrototnole. 
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In  the  next  place,  some  of  the  alcaloids  raaj  be  viewed  as  com- 
pounds of  amide,  as,  for  example,  aniline,  which  has  the  composi- 
tion of  phenylamide  : 

CmHt  N=Ci2H5  4-NHa. 

The  other  artificial  bases  analogous  to  aniline  may  be  regarded 
in  the  same  way;  leucoline  as  CisUe  -f-NHa,  or  toluidine  as 
Cu  Ht  +  N  Ha  ;  being  derived,  on  this  view,  by  substitution  of 
amide  either  for  hydrogen  in  the  carbohydrogens,  Ci^Ht,  Cm 
Ht,  and   Cu  Hs,   or   for   nitrous   acid   in   the   compounds,    Cu 

]n04  [  ^''  ]n04  [  *°^  ^'*  ]n04  i  '^^^^  ^^^^  ^^'  '^^caloids, 
which  contain  no  oxygen,  seem  to  have  the  simplest  constitution. 
But,  thirdly,  there  is  among  the  artificial  alcaloids  a  substance 
which  may  be  taken  as  the  type  of  a  somewhat  more  complex 
class,  in  which  the  hydrogen  of  the  fundamental  compound  of 
the  series  has  been  replaced  by  some  compound  of  nitrogen  and 
oxygen.     This  substance  is  nitraniline,  which  is  Cii  Na  He  O4  = 

Fresenius  suggests  that  many  of  the  natural  alcaloids,  contain- 
ing 4  eq.  of  oxygen  and  2  of  nitrogen,  may  have  a  constitution 
analogous  to  that  of  nitraniline,  in  which  1  eq.  of  hydrogen  is 
replaced  by  1  eq.  of  nitrous  acid.     For  example,  strychnine,  C44 

Na  Has04,  may  be  C44  -Jj^  q   |-  N.     Quinine,  menispermine,  sta- 

phisaine,  and  dclphine,  may  all  be  associated  with  strychnine. 
Chelidonine,    C4oN3H»Oo,   may  be   according  to  Fresenius, 

binitrichelidonine,   C40  •<  g  ^  q    {   N  ;    2  eq.  of  hydrogen    being 

replaced  by  2  eq.  of  hyponitrous  acid. 

where  the  alcaloid  contains  2  eq.  oxygen  and  two  of  nitrogen, 
the  replacing  body  may  be  deutoxide  of  nitrogen.     Thus,  caffeine, 

Cs  Na  Hs  Oa,  may  be  nitre-caffeine,  Cs   J  ^^^     >  N;  and  to  this 

class  would  belong  cinchonine  and  sinapoline.     Urea  may  be  added, 

as  it  may  be  Ca    <  jx*q   [  N. 

Another  class  may  contain  protoxide  of  nitrogen  as  replacing 
substance.     Thus,  Jiarmalino,  Cu  Hu  Na  0,  may  be  nitra-narma- 

line,  CiM  J  jj  q(  N  ;  and  theobromine,  C»  Hs  N3  Oa,  may  be  bini- 
tra-theobromine,  C»    JqnOv  '^' 

Lastly,  hydrogen  may  even  be  supposed  to  be  replaced  by  nitric 
acid  ;  and,  on  this  supposition,  jervme.  Ceo  H45  Na  0« ,  might  be 

nitru-jervine,  Ceo  J  j^q     >  N. 


IMDIPFSKEMT   KOVAXOTtZED   COHPOQHDfl.  H5 

The  bases  above  men  dotted,  if  such  be  their  tme  constitution, 
are  derived  trom  radicnls  conuining  nu  oxygen,  as  aniline  from 
benzole,  Ac.  But  there  are  others,  which  are  probably  derived 
frtwn  radicals  coutftining  oxygen  Such  bases  are  morpliine,  code- 
ine, narcotine,  aud  others.  Of  tlieac,  however,  in  this  point  of 
view  eo  little  is  known,  that,  as  Fresenius  observes,  it  is  safest  for 
the  present  lo  consider  them  as  simple  alcalotds,  analoi,'ous  to 
aniline,  nicotine,  or  sinnamine. 

The  views  of  Fresenius  have  a  liigb  degree  of  probability,  and 
will  probably  aid  in  enabling  us  to  discover  the  true  nature  of  the 
alcaloids.  Me  points  out  that,  oa  his  theory,  various  facts  con- 
nected with  (he  alcftloids  are  easily  explained.  Thus,  for  exam- 
ple, it  is  cRsy  to  see,  on  his  theory,  that  when  heated  with  potash 
ammonia  is  not  given  off :  Rnd  their  power  of  saturation  cannot  be 
proportional  to  their  nmount  of  oiygen  or  of  nitrogen,  as  it  is  well 
known  not  lo  be.  On  the  other  hand,  it  appears  to  be  proportional 
to  the  amount  of  nitrt^n  which  is  not  in  the  form  of  an  otyges 
compound,  such  asNO.NO.,  N  O3,  N  0,,  or  NO..  This  nitro- 
gen, generally,  perhaps  always, amounts  to  1  eq.  in  1  cq.  of  the  base, 
as  may  be  seen  in  Fresenius'  formula.  The  simple  alcaloids, 
such  as  aniline,  contain  only  that  I  eq.  of  nitrogen,  jtiat  as  ammo- 
It  must  here  be  remarked  that  the  alcaloids  all  appar  to  be  of 
the  same  genera]  type  with  ammonia,  and  that,  like  ammouM, 
they  unite  directly  with  hydrogen  acids,  while,  to  combine  widi 
oxygen  acids,  they  take  up  1  eq.  of  water.  This  leads  to  the  eoa- 
elusion,  that  if,  in  the  case  of  ammonin,  there  is  formed  a  compound 
anal<^iis  to  metals,  ammonium,  which  unites  with  salt  radicals, 
while  its  oxide  combines  with  oxygen  acids,  the  same  is  probably 
true  of  the  alcaloids.  Thus,  when  ammonia  acts  on  hydrochloric 
acid,  we  have  NH.  +  HCl  =  NH4  +  CI,  chloride  of  ammonium, 
and  when  aniline  combines  with  the  same  acid,  we  may  suppose 
the  change  to  be  analogous:  CmHi  N -|~  H  CI  =  C.i  Hi  N  a, 
chloride  of  anilium.  Agnin,  stilphale  of  ammonia,  N  Hi,  H  0, 
8  0 3,  is  usually  considered  to  be  sulphate  of  oxide  of  ammonium, 
NH4,0  +  S0j,  and  so,  in  like  manner,  sulphate  of  aniline, 
Ci.  Hf  N.  HO,  SOj.  is  probably  sulphate  of  oxide  of  anili- 
um,  CuH.  N,  0  +  S  Os.  If  true  of  one,  this  is  probably  true 
of  all. 

Such  is  the  present  stale  of  our  knowledge  with  re^rd  to  the 
alcaloids;  and,  although  it  is  still  very  imperfect,  yet  it  is  evident 
that  we  are  now  making  some  progress  in  this  department  of 
science,  and  may  hope  speedily  to  advance  much  farther. 

We  now  come  to  a  class  of  compounds,  very  widely  distributed 
in  the  vegetable  kingdom,  but  nut  exhibiting  the  same  varieUes  as 
the  class  hitherto  described,  and  not  chsracteriKed  by  the  same 
marked  pn^rties.     This  is  the  clase  of  neutral  or  indifferent  noo- 


STARCH. 

azotized  bodies,  which  are  never  poisonous,  hardly  even  possessed 
of  medicinal  properties,  and  exhibit  no  striking  chemical  characters. 
It  includes  starch,  gum  or  mucilage,  pectine  or  vegetable  jelly, 
and  woody  fibre  or  lignine,  with  their  derivatives.  We  can  only 
describe  them  briefly. 

indifferent  non-azotized  compounds. 
1.  Starch.     ChHioOw. 

This  very  important  compound  is  universally  diffused  in  the 
vegetable  kingdom.  It  occurs  in  seeds,  as  in  those  of  wheat  and 
other  cerealia,  and  also  in  the  leguminosae  ;  in  roots,  as  in  the  tubers 
of  the  potato ;  in  the  stem  or  pith  of  many  plants,  as  in  sagus 
rumpkii ;  in  some  barks,  as  that  of  cinnamon ;  and  in  pulpy 
fruits,  such  as  the  apple.  Finally,  it  is  contained  in  the  expressed 
juice  of  most  vegetables^  such  as  the  carrot,  in  a  state  of  suspea- 
sion,  being  deposited  on  standing. 

It  is  chiefly  extracted  from  wheat  flour  (common  starch)  ;  from 
potatoes  (potato  starch) ;  from  the  root  of  jalropha  manihot^ 
(tapioca)  ;  from  that  of  maranla  arundinacea  (arrow- root)  ;  from 
the  stem  and  pith  of  scigus  farinifera  mmphU  (sago)  ;  the  sub- 
stances known  by  these  different  names  being  all  essentially  the 
same. 

When  flour  is  kneaded  with  water  in  a  cloth,  the  water  carries 
off  the  starch  in  suspension,  and  deposits  it  on  standing,  leaving 
behind  the  gluten.  By  a  similar  process  starch  is  purified  from  the 
cellular  substance  and  other  matters  mixed  with  it  in  potatoes, 
which  are  rasped,  and  then  treated  with  water  as  above.  Sago, 
being  finally  dried  at  a  somewhat  high  temperature,  acquires  a 
korny  and  translucent  appearance. 

Pure  starch  is  a  snow-white  powder,  of  a  glistening  aspect, 
which  makes  a  crackling  noise  when  pressed  with  the  finger.  It 
is  composed  of  transparent  rounded  grains,  the  size  of  which  varies 
in  different  plants.  Those  of  the  potato  are  the  largest,  those  of  the 
leguminosae,  as  peas,  are  very  small,  and  those  of  wheat  and  rice 
are  the  smallest.  Starch  is  insoluble  in  cold  water,  alcohol,  and 
ether ;  but  when  heated  with  water  it  first  becomes  viscid,  and  is 
then  converted  into  a  kind  of  solution,  which,  however,  is  not 
complete,  but  is  rather  formed  by  the  swelling  of  the  grains  of 
starch  into  a  mucilaginous  mass.  On  cooling,  the  whole  forms  a 
stiff,  semi-opaque  jelly.  If  dried  up,  this  yields  a  translucent  mass, 
which  softens  and  swells  into  a  jelly  with  water,  like  tragacanth. 
The  solution,  or  mixture  of  starch  and  water,  has  the  remarkable 
property  of  striking  a  deep  blue  color  with  free  iodine.  This 
appears  to  be  owing  not  so  much  to  a  chemical  or  definite  combin- 
ation, as  to  the  mechanical  division  of  the  iodine ;  there  is  even 
reason  to  think  that  the  blue  color  is  that  of  iodine  finely  divided* 
adhering  to  the  starch  as  a  dye  does  to  the  fibres  of  clodb. 


When  itsrch  is  warmed  with  water,  to  wbicfa  hta  been  ftdded 
eit))er  Bome  iDfusion  of  malt  or  some  diluted  acid,  the  visciditj'  c^ 
the  mixture  disappear!,  and  the  fluid  Boiution  is  no  longer  colored 
bine  by  iodine.  As  soon  as  tliis  is  the  case,  the  whole  of  tlie 
starch  has  disappeared,  and  has  been  converted  into  a  soluble  gum 
called  dextrine,  from  its  power  of  causing  the  plane  of  polarization 
to  deviate  to  the  rig'ht.  According  to  tbe  proportion  of  malt  or  of 
acid,  and  the  temperature  employed,  the  change  is  more  or  less 
rapid  ;  and  when  the  action  is  continued  the  deitrine  is  in  its  turn 
converted  into  glucose,  or  grape  sugar,  which  from  this  drcnm- 
stance  is  also  called  starch  sugar. 

In  contact  with  oil  of  vitriol,  starch  appears  to  form  a  compound 
or  coupled  acid,  sulphoamidic  acid.  Strong  nitric  acid,  rubbed  np 
with  potato  starch,  dissolves  it,  forming  a  viscid  liquid,  from  which 
water  precipitates  a  white  explosive  compound,  called  zyloidine. 
This  compound  has  some  of  the  properties  of  gum  tragacanth,  bat 
it  contains  the  elements  of  nitric  acid,  and  has  not  yet  been  folly 
investigated.  According  to  Pelouse,  its  formula  is  Ci  Hi  0<  -f* 
NOii  according  to  Ballot,  it  is  CuHiiNGh;  but  more  recent 
researches  tend  to  show  that  the  formula  ^  xyloidine  is  Cn 

J  2  NO  [  ^'''''  '^'^  '^'  ^^'^''i  '''  which  S  eq.  of  hydrogen  are 
replaced  by  2  eq.  of  nitrous  acid.  When  starch  is  distilled  with 
moderately  strong  sulphuric  acid,  it  yields  carbonic  acid,  formic 
acid,  and  a  pungent  volaUle  oil,  hitherto  veir  Uttle  exaroined. 

The  blue  compound  of  iodine  and  starch  is  best  prepared  by 
adding  to  the  liquid  filtered  from  the  viscid  paste  obtained  by 
boiling  starch  with  water,  first  iodide  of  potassium,  and  then  solu- 
tion of  chlorine,  as  long  as  it  causes  a  blue  precipitate,  which  ia  t0 
be  wa.>:hed  till  the  water  passes  deep  blue,  and  dried  in  vacue. 
Its  color  is  so  intense  as  to  be  nearly  black.  It  does  not  appear 
to  be  a  compound  in  definite  proportions.  The  best  method  of 
using  starch  as  a  test  for  iodine  in  mineral  waters,  Ac,  is  to  add  to 
the  water  some  starch  paste,  and  then  a  little  nitric  acid  or  chlorine. 
The  latter  is  best  added  in  the  form  of  gas,  its  weight  allowing  it 
to  be  poured  like  water  ;  while  in  this  way  we  are  less  likely  to 
add  an  excess  which  would  destroy  the  blue  color.     Or  we  may 

Elace  in  the  bottom  of  a  vial  the  liquid  to  be  tested,  adding  a 
ttie  oil  of  vitriol,  and  suspending  from  the  stopper  a  slip  of  paper 
moistened  with  starch  paste.  After  a  time,  if  iodine  be  present 
tbe  paper  will  exhibit  a  tinge  of  blue.  By  (liese  testa  jj^,,th 
part  of  iodine  in  a  liquid  may  be  detected. 

With  bromine,  starch  forms  an  orange-yellow  precipitate,  which 
cannot  be  dried  without  decomposition. 

Dextrine  is  best  obtained  bv  heating  Ut  about  130°  a  mixture  of 
20  parts  of  starch  paste  and  1  part  of  strong  infusion  of  malt, 
until  iodine  no  longer  colors  the  mixture  blue.     The  addition  of 
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strong  alcohol  now  precipitates  the  dextrine  as  a  thick  syrup,  while 
any  sugar  remains  dissolved.  When  dried,  dextrine  much  resem- 
bles gum,  from  which,  however,  it  differs  in  the  extreme  facility 
with  which  it  is  converted  into  sugar  when  warmed  with  dilute 
sulphuric  acid  or  infusion  of  malt,  and  by  not  yielding  mucic  acid 
when  acted  on  by  nitric  acid.  The  composition  of  dextrine  is  the 
same  as  that  of  starch.  In  fact,  dextrine  is  supposed  by  some  to 
be  the  substance  which  is  contained  in  the  grains  of  starch,  inclosed 
in  an  insoluble  membrane,  which  is  burst  in  the  process  of  conver- 
sion of  starch  into  dextrine,  or  solution  of  starch,  by  means  of 
acids  and  infusion  of  malt.  The  substance  present  in  the  malt 
which  has  the  property  of  effecting  this  change,  is  called  diastase. 
It  contains  nitrogen. 

According  to  other  observers,  the  grains  of  starch  are  composed 
of  concentric  layers  of  one  and  the  same  substance  (dextrine?), 
the  outer  layer  being  insoluble  in  water.  As  starch  is  found  to 
contain  a  small  proportion  of  matter  analogous  to  wax  or  caout- 
chouc, we  may  suppose  that  the  presence  of  this  matter  in  the 
outer  layer  is  the  cause  of  its  insolubility,  or  that  the  whole  mass 
of  the  grains  is,  by  its  means,  rendered  insoluble,  and  endowed 
with  the  property  of  swelling  up  with  water  to  a  paste  or  jelly. 
Dextrine  will  then  be  purified,  and  consequently  soluble,  matter 
of  starch.  If  the  outer  coat  be  different  from  the  contents  of  the 
grains,  it  has  still  the  same  composition ;  for  analysis  shows  no 
difference  between  starch,  dextrine,  and  the  insoluble  matter  left 
on  the  filter  when  starch  is  boiled  with  diluted  acids. 

Leiocome.  —  This  name  is  given  to  a  substance  having  the  pro- 
perties of  gum,  which  is  prepared  by  simply  roasting  or  torrefying 
#arch  at  about  300°.  It  is,  in  fact,  capable  of  being  used,  instead 
of  gum  in  calico-printing,  and  is  made  on  the  large  scale.  It  has 
a  yellowish-brown  color.  It  is  probably  dextrine,  more  or  less 
pure,  generally  containing  some  undecomposed  starch.  When 
well  made  it  dissolves  in  cold  water  like  gum. 

Inuline,  CmHwOw?  C«H»4  024?  Ca4H«iO«?  — This  is  a  sub- 
stance analogous  to  starch,  in  the  roots  and  tubers  of  inttla  hden- 
iuin,  dahlia  variabilis,  helianUms  tuberosiis,  and  many  other  synan- 
therous  plants,  which  do  not  yield  ordinary  starch. 

It  is  extracted  from  the  roots  by  boiling  water,  and  is  deposited 
by  tlie  concentrated  decoction  as  a  brittle  white  mass,  formed  of 
crystalline  grains,  or  as  a  fine  powder.  It  is  tasteless,  insoluble 
in  cold,  very  soluble  in  hot  water.  Diluted  sulphuric  acid,  with 
the  aid  of  heat,  rapidly  converts  it  into  grape  sugar,  from  which, 
like  starch,  it  differs  only  by  a  certain  amount  of  the  elements  of 
water.  This  may  be  seen  by  the  above  formulae,  which  represents 
inuline  from  different  plants,,  as  it  exists  in  its  compounds  with 
oxide  of  lead.  It  would  appear  to  differ  in  different  vegetables, 
but  always  retaining  the  character  oi  this  class  of  bodies^  namely. 


the  presence  of  hydrogen  and  oxygen  in  the  proportions  to  form 
wiiter.     Iodine  colors  it  slightly  brown. 

Liehenine,  Ca  Hn  Oio.  —  This  is  a.  variety  of  starch  found  in 
lichen  i»lajHlirU3,  or  Iceliind  moss.  It  forms,  when  pure,  a  nearly 
colorless,  tasteless  mnss,  which  swells  up  into  a  transparent  jelly 
with  cold  water,  and  dissolves  entirely  in  hot  water.  When  its 
solution  is  boiled  it  forms  pellicles  like  milk,  which  adhere  to  the 
vessel.  Ita  solution  is  not  colored  by  iodine,  but  the  jelly  is  ren- 
dered blue  by  that  tesL  By  diluted  and  boiling  sniphuric  acid  it 
is  converted  into  sugar  ;  by  nitric  acid,  into  oxalic  and  saccharic 
acids.     It  has  the  composition  of  starch. 

Saponins  is  the  nnme  given  to  a  variety  of  starch  obtained  from 
the  root  of  laponaria  t^anali*.     lis  properties  are  little  known. 

2.  Gum. 
This  name  was  formerly  given  to  almost  all  exudations  from 
plants.  It  is  now  limited  (o  certain  rather  abundant  sabstances, 
which  are  solid,  un crystal liz able,  transparent,  or  translucent,  color- 
less, or  nearly  so,  tasteless,  inodorous,  soluble  in  water,  or  at 
least  softening  in  it,  and  insoluble  in  alcohol,  ether,  fat,  and  vola- 
tile oils.  They  yield  mucic  acid  when  acted  on  by  nitric  acid. 
They  may  he  divided  into  gums  which  dissolve  in  cold  water, 

farabine,  mucilage),  and  gums  which  only  swell  up  to  a  jelly, 
tragacanth  or  bassorine,  cerasine,  pectine).  Arabine  and  cera- 
sine  contain  oxygen  and  hydrogen  in  the  proportion  to  form  water: 
the  other  gums  are  nearly  analogous  in  composition. 

Arabine,  or  gum  arable,  is  found  as  an  exudation  from  several 
spedes  of  acacia.  What  is  called  gum  Senegal  is  essentially  the 
same.  It  is  nearly  colorless,  transparent,  hard,  and  brittle,  and 
has  a  mild  taste.  It  is  very  soluble  in  cold  water,  and  forms  a 
viscid  mucilage,  from  which  alcohol  precipitates  the  gum.  The 
diluted  solution  is  precipitated  by  silicate  of  potash,  subacetate  of 
lead  and  protonitrate  of  mercury.  When  a  mixture  of  gum,  water 
and  sulphuric  acid  is  kept  for  some  time  at  a  temperature  near 
boiling,  It  is  converted  into  grape  sugar.  The  eoroposition  of  gum 
is  CiiHiiOii,  that  is,  the  same  as  that  of  cane  sugar,  which 
accounts  for  ^e  transformation.  Arabine  yields  2  or  3  per  cent, 
of  ashes,  containing  a  good  deal  of  lime. 

Mucilage  la  the  name  given  to  a  substance  resembling  gum, 
found  in  many  vegetables,  such  as  linseed,  althaea,  and  others.  It 
differs  from  arabine  in  being  less  hard  when  dry,  and  less  trans- 
parent. It  would  appear,  however,  that  the  mucilage  of  althtes- 
root  is  essentially  starch  inclosed  in  cells  formed  of  woody  fibre  or 
cellulose.  The  different  mucilages  are  resolved  into  grape  sugar 
by  being  heated  with  dilate  sulphuric  acid,  and  therefore  may  be 
considered  as  containing,  like  starch  and  arabine,  water  plus 
carbon.  Since  alt  these  mucilages  contain  mach  mineral  matter, 
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the  mucilage  of  linseed,  for  example,  leaving  1 1  per  cent  of  ashes 
rich  in  lime,  it  is  probable  that  their  peculiar  qualities  depend  oa 
the  presence  of  phosphate  of  lime  or  other  salts  of  lime,  disguis- 
ing either  starch  or  arabine. 

Bassorine  is  the  name  ^i^'^Q  ^  &  substance  which  forms  the 
chief  part  of  gum  tragacanth  and  of  gum  bassora,  and  also,  accord- 
ing to  some,  of  salep,  a  mucilaginous  substance,  obtained  from  the 
bulbs  of  orchis  moicula.  According  to  Schmidt,  however,  salep  ia 
really  formed  of  swelled  up  grains  of  starch. 

Pure  bassorine  resembles  arabine  in  appearance,  but  b  less 
transparent,  and  instead  of  dissolving  in  cold  water,  only  swells  up 
to  a  very  great  extent,  forming  a  viscid  mass.  Its  composition  is 
analogous  to  that  of  arabine,  and  by  digestion  with  diluted  sul- 
phuric acid,  it  is  transformed,  like  salep,  into  grape  sugar  and 
cellulose.  Cerasine  is  the  name  given  to  that  part  of  the  gum  of 
the  cherry,  plum,  or  almond  trees,  which  is  insoluble  in  cold 
water.     It  is  probably  indentical  with  bassorine,  cr  with  salep. 

During  what  is  called  the  viscous  fermentation,  which  takes 
place  in  certain  sweet  vegetable  juices,  as  that  of  beet- root,  there 
IS  formed,  along  with  lactic  acid  and  mannite,  a  mucilaginous 
compound,  which  causes  the  viscidity.  When  dried,  it  has  nearly 
the  characters  and  composition  of  arabine. 

Pectine  is  the  substance  which  causes  the  juice  of  some  pulpy 
fruits,  as  apples  and  pears,  to  coagulate  or  gelatinize  when  mixed 
with  alcohol,  by  which  the  pectine  is  precipitated.  When  dried, 
it  resembles  gum  or  isinglass,  and  forms  a  jelly  with  water.  By 
the  action  of  nitric  acid  it  yields  oxalic  and  mucic  acids.  It  gen- 
erally yields  about  8  per  cent,  of  ashes,  containing  much  phos- 
phate of  Ume«  In  contact  with  alcalies,  it  is  transformed  into 
pectic  acid.  Pectic  acid  is  easily  obtained  from  many  vegetables, 
as,  for  example,  rasped  carrots,  by  washing  them  well  with  dis- 
tilled water,  and  then  boiling  60  parts  of  the  squeezed  residue 
with  300  of  water  and  1  of  potash.  The  pectate  of  potash  is 
deposited  as  a  jelly  in  the  filtered  liquid  on  cooling.  Eather  this 
salt  or  the  pectate  of  lime  may  be  decomposed  by  diluted  hydro- 
chloric acid,  which  leaves  the  pectic  acid  as  a  jelly,  which  dries 
up  into  transparent  laminae,  insoluble  in  water,  but  very  soluble  in 
alcalies.  From  these  solutions  acids  precipitate  it  as  a  jelly.  In 
this  form  it  is  slightly  soluble  in  boiling  water,  but  the  solution 
gelatinizes  on  the  addition  of  acids,  salts,  alcohol,  or  sugar.  It  is 
supposed  not  to  exist  ready  formed  in  the  plants,  but  to  be  produced 
by  the  action  of  alcalies  on  pectine. 

The  alcaline  pectates,  when  dry,  form  gummy  solids,  soluble  in 
wateir.  Alcohol  pauses  the  solution  to  gelatinize,  and  even  an  excess 
of  potash  or  soda  has  the  same  effect.  The  earthy  and  metallic 
pectates  are  gelatinous  and  insoliible.  When  dried,  pectine,  peotio 
acid,  and  all  the  pectates,  aflxme  i^  ceUular  strooture,  so  to  apeak. 
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The  jelly  formed  in  currant  juice,  as  well  as  other  juices,  by 
tbe  addition  of  sugar,  is  pectine  or  peciic  acid.  The  boilinj^  of 
such  juices  prubabiy  promotes  the  formation  of  jully  ;  for  it  has 
been  shown  that  when  tlie  insoluble  purt  of  unripe  currants,  after 
being  wiiahed,  is  boiled  with  water  nciJulated  with  a  vegetable 
acid,  a  considerable  quantity  of  pectine  is  f»rmed,  probably  by  a 
transforoiation  of  the  cellular  tis^iue. 

The  composition  of  pectic  acid  is  not  fully  aseeriained.  Accord- 
ing lo  Regnault  it  is  Cn  H)  On,  or  C,  Ht  Om,  H  0.  Accordiug  to 
Uulder,  it  is  CnHt  Oio.  But  the  researches  of  Chodnew  have  led 
him  to  adopt  the  formula  C»H»0»,  2110^  C»H»Oa.  In  all 
the  formulae  tliere  is  an  excess  of  oxyi,'en  over  hydrogen. 

The  whole  subject  of  the  mucilaginous  compounds,  including 
pectine  and  pectic  acid,  is  still  very  obscure  and  requires  renewed 

Apiine  is  a  substance  analogous  to  pectine,  found  in  parsley, 
(^tum  ffraneolms. 

Qlycyrrhizine  is  the  name  given  to  a  substance  resembling 
both  sugar  and  gum,  which  b  the  chief  ingredient  in  liquorice, 
tbe  juice  of  the  root  of  glyeyrrhUa  glabra.  \l  is  soluble  in 
hot  water,  and  gelatinises  on  cooling.  Its  taste  is  sweet  and 
ftlao  acrid ;  but  it  does  not,  like  sugar,  undergo  the  vinous  fer- 
mentation.    Its  formula  is  said  lo  be  CisHuOs. 

Sarcocolline  is  a  gummy  matter  found  in  tbe  sarcocolla  of  com- 
merce, which  is  the  dried  juice  of  penesa  mutronala.  It  is  soluble 
in  alcohol  and  water,  and  has  a  taste  both  sweet  and  bitter. 
Formula,  CxUuOw?  or  CuHmOk? 

3.    WoOPY    PiBBB. 

The  slceleton  of  plants,  after  everything  soluble  in  water,  alco- 
hol, ether,  diluted  acids,  and  diluted  alcalies  has  been  removed, 
is  called  woody  fibre.  It  varies  in  aspect  and  in  composition  aa 
obtained  from  different  plants.  That  of  box  or  willow,  when 
dried,  is  Cn  Hi.  Og  ;  that  of  oak  is  Cm  Ha  On  ;  and  that  of  beech 
is  intermediate  between  these  two.  All  varieties,  however,  may 
be  represented  as  composed  of  carbon  plus  water. 

Recent  researches  have  shown  that  wood  is  composed  of  two 
parts:  I.  cellulose,  which  forms  the  parietes  of  tLe  vegetable 
cells ;  and  i.  lignine,  which  fills  those  cells,  or  forms  an  incrusta- 
tion on  their  wdls.  The  latter  dissolves  in  strong  nitric  acid ;  the 
former  is  left  undissolved.  Again,  oil  of  vitriol  dissolves  cellulose 
without  blackening,  and  it  appears  to  convert  it  into  dextrine,  with 
which  it  agrees  in  composition ;  while  ligniue  separated  from  cel- 
lulose is  suid  to  contain  Cm  Hu  Ob. 

Linen,  cotton,  and  paper  are  woody  fibre,  more  or  less  pure. 
All  these  substances,  ana  others  of  similar  nature,  but  less  pure, 
■uch  S3  tov  and  sawdust,  yield,  when  acted  cat  by  nitric  acid. 
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explosive  compounds,   analogous  to  that  obtained  from  starch, 
already  described  under  the  name  of  xyloidine. 

Gun-cotton  is  best  made  by  immersing  for  two  minutes  1  part 
of  clean  dry  cotton  wool  in  about  10  parts  of  an  acid  composed  of 
equal  volumes  of  oil  of  vitriol,  Sp.  G.  1*840,  and  nitric  acid,  Sp. 
G.  rSlO.  It  is  tlien  gently  pressed,  to  expel  as  much  as  possible 
of  the  acid,  rapidly  washed  with  water,  till  the  water  runs  off 
tasteless,  and  dried  by  a  gentle  water  heat.  100  parts  of  dry 
cotton  are  found,  when  thus  treated,  although  little  changed  in 
appearance,  to  have  increased  in  weight  to  169*6  parts.  Of  this 
weight  102*5  parts  are  nitric  acid,  and  67,  or  two-thirds,  of  the 
origmal  weight,  are  derived  from  the  cotton,  and  represent  what 
may  be  called  anhydrous  cotton,  the  remaining  one-third,  or  33 
parts,  having  been  lost  in  the  shape  of  water,  which  has  com- 
bined with  the  acid. 

According  to  Porret  and  Teschemacher,  anhydrous  cotton  is 
C12H8  Os,  and  gun-cotton  is  CuHs  0$  +  4N^05,  which  corres- 
ponds to  the  above  proportions.  But  the  gun-cotton  may  also  be 
C11H8O12+4NO4,  or  C12H.  O16+4NO3  ;  while  xyloidine, 
whether  from  starch  or  from  woody  fibre,  is  CiaHs  0«  +  2NO5, 
CuHs  O10  +  2NO4,  or  C12H8  O12+2NO3.  This  explains  the 
superior  explosive  force  of  gun-cotton,  the  combustion  of  which 
must  be  much  more  complete.  In  fact,  when  exploded,  it  leaves 
no  visible  residue. 

It  is  not  probable  that  gun-cotton  will  supersede  gunpowder  for 
fire-arms,  as  it  is  expensive,  and  its  preparation  is  somewhat  uncer- 
tain. But  when  well  made,  it  explodes  so  rapidly  that  it  will 
probably  be  found  advantageous  in  the  blasting  of  rocks. 

By  the  continued  action  of  acids  or  of  hot  alcalies,  woody  fibre 
yields  a  substance  which  is  colored  blue  by  iodine.  Linen,  cotton, 
or  paper,  all  of  them  different  forms  of  woody  fibre,  when  mois- 
tened with  pretty  strong  sulphuiic  acid,  are  converted  apparently 
first  into  dextrine,  and  afterward  into  grape  sugar.  When  heated 
with  a  more  diluted  acid,  Imen  yields  an  amylaceous  pulp  hardlj 
soluble  in  water,  the  composition  of  which  is  CisHioOio. 

When  exposed  to  air  and  moisture,  wood  undergoes  eremacau- 
sis,  being  slowly  converted  into  a  friable  mass,  which  contains  a 
larger  proportion  of  carbon  than  the  original  wood.  It  would 
appear  that  the  oxygen  of  the  atmosphere  combines  with  the  hy- 
drogen, and  that  carbon  and  oxygen  are  given  off  from  the  residue 
as  carbonic  acid,  C  Oa.  As  the  residue  is  found  still  to  consist  of 
carbon  and  water,  it  is  evident  that  for  every  equivalent  of  carbon 
removed,  there  are  separated  2  eq.  of  oxygen  and  hydrogen,  so 
that  the  proportion  of  carbon  to  water  in  the  residue  is  constantly 
increasing.  Woody  fibre  Cm  H22  O21  will  thus  yield  first  a  residue  of 
Csft  Hao  Ooi ;  then  Cm  His  Ott,  Cs  Hm  Ok,  and  so  on.  When  air  la 
left  in  contact  with  moist  wood,  its  oxygen  Is  removed  and  replaced 
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by  an  equal  Tolame  of  carbonic  ftcid.  ThU  is  one  chief  source  of 
tbe  insalubrity  of  marslif  districts ;  and  the  effect  is  seen  still 
more  strikingly  la  the  case  of  houses  which  have  been  submerged 
in  an  inundation,  which  are  very  unwholesome  as  long  as  the 
wood  is  moist. 

The  tendency  of  wood  to  decay  is  checked  or  destroyed  by  acids 
and  many  salts,  especially  corrosive  sublimale.  Out  of  contact  of 
air,  moist  wood  putrelies,  yielding  a  white  friable  residue,  contain- 
ing less  carbon  than  the  wood.  One  specimen  yielded  Cn  Hn  On, 
while  the  corresponding  product  of  eremncausis  above  menUoned 
is  Cat  Hn  Om,  and  the  wood  C»  Ua  0». 

The  composition  of  brown  coal  is  analogous  to  that  of  wood  par- 
tially decayed,  but  subjected  to  changes  of  the  nature  of  putrefac- 
tion, as  welt  as  to  eremacausis.  Two  specimens  of  brown  coal 
yielded  Ci>H>iO.<  and  CuH^^Qg. 

All  the  above  products  of  decomposition  of  wood  may  be  derived 
from  oak  wood,  CmHuOu,  by  the  tiiadon  of  oxygen,  and  the  sep- 
wation  of  water  and  carbonic  acid. 

When  the  substance  called  mould,  which  contains  the  debris  of 
decayed  vegetable  matter,  is  boiled  with  alcalies,  the  filtered  solu- 
tion deposits,  on  the  addition  of  acids,  a  brown  precipitate,  which 
has  been  called  ulmine,  humus,  humine,  geine,  ulmic  acid,  humic 
acid,  and  geic  acid.  It  is  generally  admitted  that  this  precipitate 
is  a  product  of  the  action  of  the  alcali  on  the  decayed  vegetable 
matter ;  and  the  name  of  humus,  humine,  or  geine  is  given  to  the 
substance  which  is  believed  to  yield  the  humic  acid.  But  this 
hnmus  has  not  been  isolated,  and  is  not  known. 

Mulder  examined  the  precipitates  obtained  from  a  variety  of 
different  sources,  decayed  wood,  turf,  peat,  mould,  &c.  With  one 
exception,  he  found  all  to  contain  nitrogen,  varying  from  2'5  to  7 
per  cent.  It  is  evident  that  these  substances  are  vegetable  matter 
m  different  stages  of  decay.  Uulder  considers  these  precipitates 
as  compounds  of  water,  or  water  and  ammonia,  with  three  different 
acids:  1.  acid  of  mould,  Cu  Hn  On  ;  2.  humic  acid,  doHnOiii 
3.  nimicacid.  ChdH.iO.i. 

When  sugar  is  boiled  with  diluted  acids,  it  yields  brown 
substances  analogous  to,  if  not  identical  with,  these  acids  of  Uulder. 

It  is  important  to  observe  the  general  presence  of  ammonia  in 
mould,  dec.  This  ammonia  has  no  doubt  been  absorbed  from  the 
air  in  great  part ;  and  this  will  explain  the  favorable  influence 
which  these  substances  exert  on  vegetation.  They  act  also  in 
furnishing,  by  their  slow  decay,  a  continual  supply  of  carbonic 
acid. 

Crenic  acid,  and  apocrenic  acid,  are  two  brown  extractive 
matters,  analogous  to  the  preceding,  and  derived  from  decaying 
vegetable  matter,  which  are  found  in  certain  mineral  waters. 
They  both  appesr  to  contun  nitrogen. 
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mODTJCTS    OF  THE   DISTILLATION  OF  WOOD. 

When  wood  is  heated  in  close  vessels,  it  gives  rise  to  an  im« 
mense  variety  of  products,  according  to  the  kind  of  wood  and  to 
the  presence  or  absence  of  resinous  or  oily  matters.  In  all  cases 
there  are  formed  gaseous,  liquid,  and  solid  products,  with  a  residne 
of  charcoal. 

The  gases  are  carbonic  acid,  carbonic  oxide,  defiant  gas  and 
marsh  gas.  The  liquids  are  partly  soluble  in  water,  partly 
insoluble.  The  latter  constitute  the  tar,  and  are  of  a  semi-fluid 
consistence. 

The  substances  soluble  in  water  are,  besides  water  itself,  acetie 
acid,  acetone,  pyroxilic  spirit  (hydrate  of  oxide  of  methyle), 
acetate  of  oxide  of  methyle,  lignone,  xylite  and  mesite. 

The  oily  substances,  insoluble  in  water,  are  very  numerous, 
including  creosote,  picamer,  eupion,  capnomor,  &c.  Along  with 
these  are  the  compounds  which  at  the  ordinary  temperature  are 
solid,  such  as  paraffine,  naphthaline,  cedriret,  pittacal,  pyrene, 
chrysene,  and  pyroxanthine,  The  last  mentioned,  being  very 
Tolatile,  chiefly  accompanies  the  acetic  or  pyroligneous  acid. 

1.  Volatile  Pkoducts,  soluble  in  Water. 

Acetic  acid.  —  This  is  one  of  the  chief  products  of  the  distillation 
of  woods.  Its  mode  of  purification  and  its  properties  have  been 
already  described.  As  prepared  from  this  source,  it  is  often  called 
pyroligneous  acid.  The  crude  or  impure  acid  is  highly  antiseptic  ; 
not  only  because  vinegar,  like  most  acids,  is  so,  but  also  because  it 
contains  much  creosote  dissolved.  Hence  it  not  only  preserves 
meat,  but  gives  to  it  a  powerful  and  agreeable  smoked  flavor. 

Pyroxylic  spirit.  —  This  name  is  given  to  the  spirituous  liquid, 
distilled  ft'om  the  crude  pyroligneous  acid  before  the  latter  is  puri- 
fied. It  is  a  mixed  fluid,  the  chief  component  being  hydrated 
oxide  of  methyle,  which  is  accompanied  by  acetate  of  oxide  of 
methyle,  unless  it  has  been  rectified  with  quick-lime,  which  decom- 
poses the  latter.  Lignone  is  the  name  given  to  a  volatile  liquid* 
somewhat  resembling  alcohol,  observed  in  pyroxilic  spirit  by  Gmc- 
lin  and  Liebig.  Its  formula  is  not  ascertained,' since  it  does  not, 
as  far  as  we  know,  form  definite  compounds,  from  which  its  equiva- 
lent might  be  deduced.  Xylite  is  another  similar  volatile  liquid, 
which,  according  to  Schweitzer,  is  Ci2HiaOs  =  2(Ca  Ha  O) -|- 
(Cs  He.Oa)  =  2Mt  O  -f.  Aca  Oa;  that  is,  a  compound  of  2  eq. 
oxide  of  methyle  and  1  eq.  of  a  sesquiacetylic  acid.  When  acted 
on  by  potash,  it  yields  a  crystalline  salt,  CisHisOt,  KO,  while 
hydrated  oxide  of  methyle  separates.  An  excess  of  potash  causes 
the  formation  of  three  products  :  xylitic  naptha,  CiaHiiOa;  xylitic 
oil,  C12H0  O  ;  and  xylitic  resin,  Ct  He  O.  When  distilled  with 
sulphuric  acid,  xylite,  if  moist,  yields  a  new  compound,  mesit^ae, 
a  volatile  liquid,  Cs  Ht  Oa.    If  anhydrous,  it  yieidisy  besides. 
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Another  componnij,  methol,  a  lens  voUtile  liqnid,  which  Rppears  to 
be  a  carbo  hydrogen,  Ct  Hi;  isoTncric  vith  acetj-le,  if  it  be  not 
that  riulical.  Mesite  is  another  volatile  ethereal  liquid  found  in 
pyroiylic  spirit,  which,  according  to  Schweitier,  is  CiHiOs; 
isomeric  with  acetone.  He  considers  it  an  composed  of  oxide  of 
methyle  and  oxide  of  acetj;le.  Cs  Hi  0  +  Ci  Hj  0  =  Mt  O  +  Ac 
O.  The  liquid  called  niesito.  by  Rcicfaenbacli  would  appear  to  be 
acetate  of  oxide  of  methyle.  MtO  -f-  Ac  Os  miked  with  a  mont 
highly  carboniied  body,  apparently  composed  of  C«  H»  Ois. 
This  latter  is  resolved  by  (he  action  of  lime  into  3  eq.  acetic  acid, 
(CiiHt  0>),  and  a  volatile  liquid,  Ci<Hi<0>.  Along  with  the 
above,  another  liquid  appears  to  occur  in  the  mesite  of  Rcichen- 
bach,  the  composinon  of  which  is  Cn  Hj  Oio.  In  addition  to  all 
the  liquids  above  mentioned,  ns  occurring  in  pyroxylic  spirit, 
acetone  is  frequently  found. 

The  very  great  similarity  in  properties  of  bo  many  substances, 
namely,  hydrated  oxide  of  methyle,  acetate  of  oxide  of  methyle, 
hgnone,  xylite,  mesite,  and  acetone,  is  worthy  of  notice.  Most  of 
these  liquids  have  nearly  the  same  density  and  boiling  point ;  they 
are  all  inflammable,  and  their  solubility  in  water  is  nearly  equal. 
Hence  they  all  occur  mixed,  and  are  with  great  difficulty  separated. 
M>  lis  to  obtain  each  in  a  state  of  purity  ;  indeed  in  most  of  them 
we  cannot  be  sure  that  this  has  yet  been  accomplished.  It  is 
highly  probable,  that,  like  the  two  ^rst,  all  the  rest  will  be  found 
to  be  compounds  of  methyle.  Our  knowledge  on  the  subject  is 
still  very  limited. 

The  purified  pyroxylic  spirit,  or  hydrated  oxide  of  methyle,  has 
been  already  fully  described,  along  with  its  chief  derivatives. 

3.  VoLAriLE  Oily  Produc 


a.  Creotole,  (from  xffwaf,  flesh,  and  ouCut  I  preserve).  —  This  is 
one  of  the  most  important  products  of  the  distillation  of  wood.  It 
is  found,  partly  dissolved,  in  the  pyroligneous  acid,  partly  along 
with  other  oils,  in  the  tar.  When  the  crude  pyroligneous  acid  is 
Batnraled  at  167°  with  dry  sulphate  of  soda,  an  oil  separates, 
which  contains  much  creosote.  In  like  manner,  by  the  rectifica- 
tion of  tar,  an  oil  of  tar  is  obtained,  the  heavier  portions  of  which 
contain  a  good  deal  of  creosote.  These  oils  are  neutralised  with 
carbonate  of  potash,  and  the  fluid  thus  deprived  of  acid  is  distilled 
with  wat«r.  The  distilled  oil  is  acted  on  by  diluted  phosphoric 
acid  to  remove  ammonia,  and,  probably,  traces  of  oily  bases, 
again  distilled,  and  dissolved  in  aqua  potassce,  Sp.  G.  I'lS.  which 
dissolves  the  creosote,  along  with  portions  of  other  oils,  but  sep- 
arates a  good  deal  of  eupion,  &c.  The  atcaline  solution  is  now 
supersaturated  with  dilute  sulphuric  acid,  (after  having  been  bailed 
intiie  air  till  ithasbecomeiUrk  brown,)  when  the  imporeereoaote 
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separates.  It  is  again  rectified,  and  the  treatment  with  potash, 
boiling,  addition  of  sulphuric  acid,  and  rectification  repeated  till 
the  rectified  oil  dissolves  entirely  in  weak  potash,  and  this  alca- 
line  solution  on  being  boiled  acquires  only  a  slight  tinge  of  color. 
It  is  then  finally  rectified,  and  is  pure  when  it  continues  colorless 
on  bcinci;  kept.  The  tar  of  peat  appears  to  be  very  rich  in  creosote, 
and  it  also  occurs  in  coal-tar.  Good  tar,  from  beech  wood,  Ls  said 
to  contain  from  20  to  25  per  cent. 

Pure  creosote  is  a  colorless  transparent  liquid,  of  a  high  refract* 
ive  and  dispersive  power  of  a  tolerably  fluid  but  oily  consistence. 
Its  Sp.  G.  is  1*037,  according  to  Reichenbach,  its  discoverer,  and 
other  chemists ;  but  there  is  some  discrepancy  on  this  point.  Dr. 
Christison  having  always  found  it  as  high  as  l-OGO  and  upward. 
Its  boiling  point  is  397^.  It  gradually  becomes  colored  brown 
when  kept,  unless  absolutely  pure.  Creosote  has  a  very  strong, 
peculiar,  persistent  smell  of  smoke,  analogous  also  to  that  of  cas- 
toreum,  not  fetid,  but  unpleasant  when  concentrated.  Its  taste  is 
burning,  with  a  sweetish  after-taste.  It  disorganizes  the  skin, 
causing  a  white  spot,  where  the  cuticle  soon  peels  ofif,  without 
inflammation.  When  applied  to  the  interior  of  the  mouth  and  to  the 
tongue  it  smarts  strongly,  whitening  and  disorganizing  the  cuticle. 

Internally  it  is  a  powerful  poison,  but  in  a  small  dose  may  be 
employed  advantageously  in  some  cases  of  vomiting  and  disease 
of  the  mucous  membrane.  It  is  given  much  diluted  with  water. 
Externally,  it  may  be  employed,  either  in  the  form  of  aqueous 
solution,  of  ointment,  or  pure,  as  a  styptic,  and  is  a  valuble  applU 
cation  to  indolent  ulcers,  and  to  many  chronic  cutaneous  affections. 
Pure  creosote,  applied  to  the  hollow  of  a  decayed  tooth,  so  as  to 
touch  the  exposed  nerve,  instantly  relieves,  in  many  cases,  the  most 
violent  tootnache.  It  acts  apparently  by  congulaUng  the  secre- 
tions, and  thus  forming  a  covering  for  the  nerve. 

Creosote  dissolves  m  about  80  or  100  parts  of  water,  and  is 
exceedingly  soluble  in  alcohol  and  in  acetic  acid.  These  solutions 
have  the  smell,  taste,  and  antiseptic  power  of  the  creosote. 

Creosote  possesses  a  singular  antiseptic  power.  Flesh  of  all  kinds, 
if  steeped  for  a  few  hours  in  a  weak  solution  of  creosote,  becomes 
insusceptible  of  putrefaction  ;  and  the  same  effect  is  produced  when 
the  flesh  is  exposed  to  the  vapor  of  creosote.  This  is  the  reason  why 
the  smoke  of  wood  possesses  antisepic  properties  :  smoked  meat  or 
fish  is  merely  meat  or  fish  which  has  absorbed  the  vapor  of  creosote 
from  the  smoke  in  which  it  has  been  suspended.  The  creosote  ap- 
pears to  act  on  flesh,  &c„  in  virtue  of  its  r«:markable  power  of  coagu- 
lating albumen,  which  also  accounts  for  its  stypic  action.  Tongues 
and  hams  may  be  smoked  and  effectually  cured  by  immersing  uieuk 
for  24  hours  in  a  mixture  of  1  part  of  pure  creosote  and  100  of  water 
or  brine  ;  and  when  thus  prepared,  they  have  the  delicate  ftwyAwi 
flaTor  obserred  in  reindeer  tongues,  as  usaslly  cored  by 


FIOAMAB.  537 

OwiDg  to  the  diffiealty  of  obt&iDin^  creosote  quite  pure,  its  com- 
posilion  is  hnrdlj  Mcertained  with  certainty.  According  to 
Deville,  whose  researches  are  the  most  recent,  it  may  be  regarded 
as  the  alcohol,  so  to  speak,  of  the  series  of  benioyle.  His  anal- 
yses lead  to  the  formula  Cn  Hi  0>  =  CitHi  Oi,HO  ;  but  I 
cannot  ascertain  whether  this  be  the  formula  he  adopts. 

It  is  particularly  to  be  noticed,  that  there  is  a  very  great  resem- 
blance between  creosot«  and  carbolic  acid  (or  hydrate  of  phenyk, 
Callt  0,  H  0),  a  substance  abtiuned  from  coal-tar,  and  which 
will  soon  be  described.  So  great  is  this  resemblance,  that  I  am 
almost  iaclined  to  consider  creosot«  as  a  somewhat  impure  carbo- 
lic acid.  The  Insle,  smell,  density,  (according  to  some),  boiling 
point,  sulubility  in  water,  dtc.  poisonous  and  antiseptic  action,  of 
these  two  bodies,  are  the  same.  Both  combine  with  alcalies, 
forming  crystal lizablc  compounds,  and,  what  is  more  important, 
their  composition  in  100  parts  is  almost  identical.  The  chief  dif- 
ferences seem  to  be.  that  carbolic  acid  may  be  obtained  in  crys- 
tals, whieh.  however,  on  contact  with  the  air  instantly  liquefy  and 
retain  the  liquid  form,  without  any  appreciable  change  of  com- 
position, apparently  from  the  effect  of  a  trace  of  moisture.  Also, 
the  salts  of  carbolic  acid  with  hoses  are  more  ea«ly  formed  and 
more  permanent  than  those  of  creosote.  A  splinter  or  shaving  of 
fir  wood,  dipped  into  carbolic  acid  and  then  into  nitric  or  muriatic 
acid,  becomes  lirsl  blue  and  then  brown  ;  which  does  not  appear 
to  be  tlie  cose  with  creosote.  But  Laurent  has  recently  eihown, 
that  creosote,  when  acted  on  by  a  mixture  of  hydrochloric  acid  and 
chlorate  of  potash,  yields  abundanco  of  chloranile,  a  character  in 
which  it  agrees  with  carbolic  acid.  Both  substances  also  yield 
nitropicric  ucid  when  acted  on  by  nitric  acid,  although  in  the  case 
of  creosote  this  acid  is  accompanied  by  others  not  yet  examined. 
These  results  I  have  myself  also  obtained  ;  and  it  would  appear, 
that  if  creosote  bu  not  carbolic  acid,  contaminated  with  some 
foreign  matter,  these  two  bodies  are  at  least  closely  connected  and 
belong  apparently  to  the  same  series,  which  is  either  that  of  ben- 
Eoyle  or  that  of  phenyle.  It  is  not  improbable  that  creosote  may 
be  a  detiniie  compound  of  carbolic  acid  with  some  substance  of 
closely  allied  composition,  but  of  basic  properties. 

Creosote  dissolves  many  organic  substances,  such  as  indigo, 
camphor,  fats,  essential  oils,  and  n^slns,  and  undergoes  numerous 
changes  by  the  action  of  acids,  alcalies,  and  other  reagents,  such 
as  chlorine,  potassium,  and  others.  With  oil  of  vitriol  it  is  colored 
purple,  and  appears  to  form  a  coupled  acid.  None  of  these  reac- 
tions or  products  have  been  properly  investigated,  and  we  shall, 
therefore,  not  confuse  the  reader  by  a  description  of  them,  more 
eapccinlly  as  the  composition  of  creosote  ititelf  is  doubtful. 

6.  Picamar  is  the  name  viven  by  Beichenbach  to  another  oil 
discovered  by  him  along  vitb  creosote  in  the  huvy  col  of  tar.    It 
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is  puri6ed  by  a  tedious  process,  by  the  aid  of  poiash,  with  which 
it  forms  a  crystalline  compound.  When  pure,  it  is  a  colorless  <n], 
of  Sp.  G.  1*10,  of  a  burning  and  very  bitter  taste  (hence  its  name, 
from  pix  and  amartu),  and  a  slight  smell.  It  boils  at  about  610^. 
It  combines  with  alcalies,  forming  crystal  I  izable  salts,  and  may 
therefore  be  viewed  as  an  acid  in  some  sense,  although  il  is  qnite 
neutral  to  test  paper.     Its  composition  is  unknown. 

c.  Capnomor  (from  xafcvo^,  smoke,  and  /io»f>a,  part),  is  another 
oil,  discovered  by  Reichcnbach,  in  the  heavy  oil  of  tar,  alon^  with 
creosote  and  picamar.  When  the  creosote  is  purified  by  solution 
of  weak  potash,  the  oil  left  undissolved  con  tarns  a  good  deal  of 
capnomor,  which  is  purified  bv  a  tedious  process.  It  is  a  limpid, 
colorless  oil,  of  a  high  refractmg  power,  with  an  aromatic  odor  of 
ffinger,  and  a  somewhat  styptic  after-taste.  Its  Sp.  O.  is  0*9775 ; 
It  is  quite  neutral,  and  boils  at  366°.  With  sulphuric  acid  it  is 
colored  red,  and  yields  a  coupled  acid.  Nitric  acid  converts  it 
into  oxalic  acid,  nitropicric  acid,  and  another  crystalline  substance 
not  yet  examined. 

d.  Eupion  (from  fv,  fine,  and  ytiov,  oil  or  fat),  is  a  fourth  oily 
liquid,  discovered  by  Reicbenbach  in  oil  of  tar.  Being  more  vola- 
tile than  the  rest,  it  is  purified  chiefly  by  rectification.  When  pure 
it  is  colorless,  very  fluid,  not  greasy  to  the  feel,  but  less  soft  than 
water,  tasteless,  and  of  a  somewhat  agreeable  odor,  like  that  of 
some  flowers,  such  as  narcissus.  Its  Sp.  G.  is  0*740  ;  and  Reieh- 
enbach  states  that  he  has  even  obtiiined  it  so  low  as  0*663,  being  the 
lightest  known  liquid.  It  is  volatile,  boiling  at  117**  or  lower.  It 
is  in  the  highest  degree  indififerent,  resisting  the  action  of  the 
strongest  acids  and  alcalies.  In  fact,  as  it  is  prepared  from  the 
oil  of  tar  by  rectification  and  the  action  of  potash,  sulphuric,  and 
nitric  acids  alternately  on  the  rectified  oil,  it  is  evident  that  it  must 
resist  these  agents.  There  is  good  reason  to  believe  that  several, 
even  many,  different  liquids  have  been  described  under  this  name, 
and  that  most  of  these  are  not  ready  formed  in  the  tar,  but  pro- 
ducts of  the  action  of  acids,  <&c.,  on  the  oil  of  tar.  Reicbenbach, 
however,  by  simple  rectifications  of  the  oil  obtained  by  distilling 
rape  oil,  obtained  a  liquid  having  the  characters  of  eupion.  So 
much  is  certain,  that  similar  liquids  are  formed  by  the  action  of 
oil  of  vitriol  on  oil  of  tar. 

The  whole  of  the  liquids  called  eupion  are  carbohydrogcns, 
and  their  formula  is  either  C  H,  or  some  multiple  of  this,  or  else 
one  nearly  approaching  to  such  a  multiple,  as  Cs  He,  &c.  It 
is  very  remarkable  that  some  of  them  are  very  volatile,  while 
others,  apparently  of  the  same  composition,  require  a  strong  heat, 
from  400°  to  600°,  for  example,  to  boil  them. 

The  purest  varieties  of  eupion  bum  with  the  aid  of  a  wick, 
yielding  a  very  brilliant  lummous  white  flame,  free  from  mudLe* 
and  may  hereaJRier  be  tamed  to  aecotmt. 
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8.  Sous  Products  of  the  Dktillatiov  or  Wood. 

a.  Para^ne.  —  This  Dame  is  given  (from  pantm  and  aginig, 
because  its  affinities  are  feeble)  to  a  nhite  solid  volatile  substance 
very  similar  to  wax,  discorered  by  Reicbenbach  in  tar.  It  occurs 
in  the  last  portions  of  the  rectificaLion  of  the  t«r,  which  are  semi- 
solid. It  is  squeeied  out,  and  pnriSed  by  one  or  two  CTyBtatlisa- 
tions  in  ether,  which  dissolves  it  when  boiline,  and  deposits  it  on 
cooling  in  besotiful  silvery  scales.  These,  wnen  melted,  assnme, 
on  cooling,  the  aspect  of  pure  white  wax. 

Paraffine  exists  in  large  quantity  in  the  rangtxm  petrolevm,  and 
some  other  bituminous  mineral  products.  It  ia  formed  in  large 
quantity  in  tlie  distillation  of  wax.  It  melts  at  110°,  and  distils 
unchanged  at  a  high  temperHture.  Ila  8p.  G.  ia  0-B70,  It  bums, 
in  a  wick,  with  a  beautiful  clear  white  lignl,  free  from  smoke,  fully 
equal  to  that  of  the  tineet  wax.  if  not  superior  to  it.  Like  eupion, 
it  is  highly  indifferent,  and  it  is,  like  eupion,  a  cnrbohydrogen, 
containing  either  C  H,  or  some  multiple  of  it,  or  a  near  approach 
lo  such  a  multiple.  According  to  Lewy,  it  is  CnHii.  It  is  acted 
on  by  chlorine  with  the  aid  of  heat,  but  the  reaction  is  not  yet 
studied.  The  atrongest  acids  and  alcslies  do  not  act  on  it,  even 
with  the  aid  of  heat,  if  we  except  filming  sulphuric  acid. 

4.  Oedrirtt.  —  Tbia  is  another  compound  discovered  by  Reicben- 
bach  in  oil  of  tar.  When  impure  creosote  ia  dissolved  in  potash, 
and  acetic  acid  added,  an  oil  separates,  which  contains  the  creosote 
and  other  oils  ;  but  a  certain  quantity  of  oily  matter  remains  dis- 
solved in  the  acetate  of  potash.  This  is  distilled,  until  what 
passes  over  causes  a  red  precipitate  in  a  solution  of  sulphate  of 
iron.  It  is  then  collected  separately,  being  pure  cedriret.  It  is  a 
volatile  solid,  which  crystallizes  in  a  soluiion  of  sulphate  of  iron, 
forming  a  net-work  of  orange-red  crystals,  which  dissolve  in  oil 
of  vitnol  with  a  blue  color.  Uuch  of  the  color  of  oil  of  tar  is 
probably  owing  to  this  substance. 

c.  PUtacal.  —  This  is  yet  another  compound  obtained  bv  Reich- 
enhach  from  the  heavy  oil  of  tar.  When  the  heaviest  portions  are 
nearly  neutralized  by  potash,  the  addition  of  barytic  water  gives 
rise  to  a  deep  blue  color.  This  belongs  to  pittacal,  but  the  mode 
of  its  purification  is  not  yet  published.  When  pure,  it  is  a  solid, 
like  indigo,  of  a  very  fine  deep-blue  color,  exhibiting  on  tfae 
polished  surface  the  aspect  of  gold.  It  admits  of  being  fixed  on 
cloth,  and  would  make  a  valuable  dye  stuff.  Its  composition  is 
unknown,  but  it  appears  to  contain  nitrogen.  Its  name  is  derived 
from  fttrro,  pitch,  and  xioxos,  beandfiil.  It  is  a  compound  of  very 
great  interest,  although  most  probably  a  product  of  decomposition 
of  ihe  oil  of  tar,  and  not  ready  formed  in  it.  It  is  very  desirable 
that  it  should  be  further  invesligated. 

d.  PyroxajUhim.  —  This  it  a  volatile  cryatKlline  solid,  first 
observed  by  Scaulan  in  the  crude  pyroligneouB  spirit    When  Uub 
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is  rectified  with  lime,  the  lime  becomes  dark  brown ;  and  when 
this  colored  mass  is  acted  on  by  hydrochloric  acid,  there  is  left 
undissolved  a  dark  brown  matter,  which  is  a  mixture  of  pyrozan- 
thine  and  a  resinous  matter.  The  mass  is  boiled  with  hot  alcohol, 
which,  on  cooling,  deposits  the  pyroxanthine  in  crystals,  which  are 
purified  by  recrystallization.  They  are  of  an  intense  yellow  color, 
fusible,  and  volatile  in  a  current  of  air,  or  with  the  vapor  of  other 
substances,  but  partly  decomposed  when  heated  alone  in  a  dry 
tube.  Pyroxanthine  dissolves  in  sulphuric  acid  with  a  deep  bluish- 
red,  and  in  strong  hydrochloric  acid  with  a  splendid  purple  color, 
which  soon  passes  to  dark  brown.  I  found  its  composition  to  be 
very  nearly  C21  Hs  O4  ;  but  as  it  forms  no  definite  compounds,  I 
could  not  control  the  analysis. 

Such  are  the  chief  products  of  the  distillation  of  wood,  as  far 
as  they  are  yet  known.  Their  importance  is  very  great,  and  will 
be  still  greater  when  they  shall  have  been  better  studied,  as  most 
of  them  will  admit  of  useful  applications.  But  no  doubt  can  be 
entertained  that  the  above  numerous  list  is  far  from  being  com- 
plete, and  that  more  compounds  remain  to  be  discovered  in  tar. 
Indeed,  there  is  even  now  good  reason  to  believe  that  several  or 
most  of  the  substances  characterizing  coal-tar  occur  also,  although 
in  smaller  quantity,  in  wood-tar.  Such  substances  are  naphtha- 
line, anthracene,  and  others.  It  is  to  be  borne  in  mind  that  the 
composition  of  wood-tar  varies,  according  to  the  kind  of  wood, 
the  presence  or  absence  of  oily  or  resinous  substances,  the  com- 
parative abundance  of  nitrogenized  matter,  and  finally  the  tem- 
perature at  which  the  distillation  is  carried  on. 

Wood  coal,  brown  coal,  or  lignite,  yields,  when  distilled,  an  oil 
of  the  consistence  of  butter,  in  which  creosote,  paraffine,  and 
probably  eupion,  are  found,  along  with  other  products  not  yet 
examined. 

PRODUCTS    OF   TIIK    DISTILLATION   OF    COAL. 

Coal  differs  from  wood  in  several  points,  although  it  is  unques- 
tionably derived  from  the  decay,  under  pressure,  of  woody  fibre 
and  the  other  substances  which  make  up  the  mass  of  the  early 
vegetation  of  which  our  coal  beds  are  the  remains.  Coal  contains 
much  less  water,  and  a  much  larger  per  centage  both  of  carbon 
and  nitrogen,  than  wood.  Hence  it  is  decomposed  at  a  higher 
temperature,  and  yields  much  ammonia,  cyanogen,  and  other  nitro- 
genized products.  We  shall  not  here  dwell  on  ammonia  and  cyan- 
ogen, farther  than  to  mention  than  out  of  the  aqueous  products  of 
the  coal  gas-works  large  quantities  of  ammonia  are  obtained  ;  and 
that  so  much  hydrocyanic  acid  is  also  present,  that  a  patent  was 
taken  out  some  years  since  for  the  preparation  of  Prussian  blue 
from  the  gas  liquor.  We  proceed  to  describe  the  chief  ingredi- 
ents of  coal-tar. 
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a.  Carbolie  Aeid.  Sin.  HydraUd  Oxide  of  Phmyle,  Cii  H.  0, 
H  0.  —  This  remarliabie  ncid  is  found  in  that  portion  of  the  oil  of 
coal-tRr  which  boils  between  300°  and  400°.  This  is  agitated 
with  twice  its  volume  of  potash  lye,  and  the  aqueous  solution,  on 
the  addition  of  an  acid,  yields  hydrated  carbolic  acid  (impure)  as 
a  heavy  oil.  It  is  purified  by  reclificalion  with  a  rery  little  solid 
potash.' 

When  pure,  carbolic  acid  generally  appears  as  an  oily  liquid, 
colorless,  and  of  a  high  refracting  power,  neutral  to  teat  paper,  of 
Sp.  O.  1062  to  1065.  It  has  a  burning  taste,  and  tbe  odor  of 
creosote,  to  which  it  has  a  very  great  resemblance.  In  certain 
circumstances  it  forms  long  needle-shaped  crystals,  which  very 
readily  lose  the  solid  form  by  exposure  to  the  atmosphere,  and 
which  also  liquefy  in  sealed  tubes,  without  any  obvious  cauee. 
The  crystals  melt  at  94°,  and  boil  at  368°.  The  extraordinary 
resemblance  between  carbolic  acid  and  creosote  has  been  noticed 
above ;  and  there  can  be  little  doubt  that,  if  not  essentially  the 
same,  they  are  closely  connected  and  belong  to  the  same  series,  or 
contain  the  same  radical. 

A  splinter  of  pine  wood,  if  dipped,  first  in  carbolic  acid,  and 
then  in  moderately  strong  nitric  acid,  becomes  of  a  deep  blue, 
which  soon  passes  into  brown. 

According  to  Laurent,  carbolic  acid  is  the  hydrated  oxide  of 
phenyle,  C»H>, audits  formula  is(Ci>H>)0,HO.  This  radical, 
phenyle,  gives  rise  to  a  series  of  derived  compounds  which  may  be 
represented  as  follows : 

Hydrate  of  phenyle  or  carbolic  acid,  .    Cii     Hs ,  O  -|-  H  O 
Sulphocsrbolic  acid  (sulphophenic  acid),  Ctt     H>     O,  H  0-f  3SOi 
Chlorophenesic  acid, Co  J^j'J  O.HO 

Chlorophenesic  acid,  identical  with  the)  p     i^*t  nun 

chloridoptenic  acid  of  Erdmann,    (   ^"^   (  Clii   "^'"^ 

ChlorophenusicBcid,  chloriniEed  cblo- j  p     }^"{  nun 

rindoptenic  acid  of  Erdmann,.  .  <  ^"  (Chi  "'"" 

Bromophenisic  acid C.i  Jg*^(  0,H0 

Nitrophenesic  aeid, Cii  J^NoJ  <^>HO 

Nitronhenesic  acid,  identical  with  ni-  >  p     \ila        \  a  u  n 

tropicric  acid, ^  ^"h  N  O^j  "■**" 

Pbenylamide  (aniline), CiiH*  Ad. 

Thus  the  carbolic  acid  is  connected  with  tbe  derivatives  of  indigo, 
of  salicyle,  and  other  bodies,  which  yield  nitropicric  acid.  This 
connection  is  also  shown  in  the  formation  of  chloranile,  from  car- 
bolic  acid,  by  the  action  of  chlorate  of  potash  and  hydrochloric 
acid.  (See  under  Indigo,  the  formation  of  chloranile  from  aniline). 
It  is  also  shown  by  the  fact,  that  salicylic  acid,  Cit  H*  6*,  when 
distilled  alone,  with  lime,  or  with  ponnded  glass,  is  re>olr«d  into 
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carbonic  acid,  2  C  Oa,  and  carbolic  acid,  C^He  Oa.  The  action 
of  carbolic  acid,  on  organic  compounds,  is  tlie  same  as  that  of 
creosote.  Thus  it  dissolves  indigo,  <&c.,  and  coagulates  albumen, 
preventing  the  putrefaction  of  animal  substances. 

With  bases  it  forms  salts,  some  of  >vhich  crystallize,  but  which 
retain  an  alcaline  reaction.  With  oil  of  vitriol,  it  yields  a  coupled 
acid,  sulphocarbolic,  or  sulphophenic  acid,  which  forms  a  soluble 
salt  with  baryta. 

The  formulae  in  the  above  table  illustrate  the  formation,  by  sub- 
stitution, of  the  chlorophenesic,  chlorophenisic,  and  chlorophenusic, 
of  the  nitrophenesic  and  nitrophenisic  acids.  It  is  not  necessary 
here  to  do  more  than  point  out  their  relation  to  carbolic  acid  and 
phenyle.  The  chlorobenzide  of  Mitscherlich,  C12  He  Cl«,  h,  ac- 
cording to  Laurent,  hydrochlorate  of  chlorophenise,  3  H  CI  -|-  Ca 

•<  pj'       This  last  body,  chlorophenise,  which  is  obtained  by  the 

action  of  potash  on  chlorobenzide,  would  appear  to  be  derived  by 
substitution,  not  from  phenyle  CitHs,  but  from  benzole  CuHt; 

although  it  may  be  derived  also  from  oxide  of  phenyle  Cb  )  q*. 

as  may  benzole  itself.  Chlorophenise  cannot  be  obtained  directly 
from  hydrate  of  phenyle,  or  its  derivatives ;  but,  on  the  other 
hand,  the  series  of  benzole  has  an  obvious  relation  to  that  of  phe- 
nyle. In  fact,  Laurent  considers  benzole  as  in  some  measure  the 
fundamental  compound,  or  nucleus,  and  calls  it  pheneat  CttHt. 

It  has  already  been  stated  that  nitrophenisic  acid  is  identical 
with  nitropicric  acid.  Nitrophenesic  acid  is  somewhat  similar,  and 
forms  salts  which  crystallize  with  facility,  and  detonate  when 
heated.  The  nitrophenesate  of  baryta  is  a  beautiful  salt,  like 
bichromate  of  potash. 

b.  Volatile  Bases  of  Coal-Tar, 

Besides  carbolic  acid,  Runge  found  in  coal-tar  two  other  acids, 
rosolic  and  brunolic  acids  (of  which  little  is  known),  and  three 
basic  volatile  oils,  kyanol,  leukol,  and  pyrrol.  The  last  has  been 
little  examined ;  but  the  recent  researches  of  Hoffman  have  con- 
firmed Runge's  statements  as  to  the  two  first,  which  have  also  been 
identified  with  bases  produced  from  different  quarters,  namely* 
aniline  and  quinoline  or  leucoline.  These  bases  have  alreaay 
been  fully  described  under  the  head  of  volatile  artificial  alcaloids. 

That  there  is  a  relation  between  aniline  and  carbolic  acid 
appears  from  their  formulae  ;  for  aniline  is  the  amidide  of  carbolic 
acid,  or  phenamide,  being  thus  deduced  from  carbolate  of  ammo- 
nia :  C12  H5  O,  N  H3  =  H  O  +  C12  H5 ,  N  Oa .  The  relation  may 
be  better  exhibited  thus : 

Carbolic  acid  (anhydrous),  or  oxide  of  phenyle  =s  Cu  Hi  O 
Aniline,  amaphenase^  or  phenylamide,  s=  Cit  Hs  AL 
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As  another  experimentnl  proof  of  this  relalion,  it  joaj  be  men- 
tioned  that  salicylamide,  C»  H>  0«,  N  Hi  =  Cit  Hi  N  0.,  which 
has  the  same  compoaition  as  proton itrubenxoeue  and  aolhrfuiilio 
acid,  both  of  which  yield  aniline,  when  heated  frith  lime,  gives 
Dot  aniline  but  carbolic  acid,  ammonia,  and  probably  a  carbohy- 
drogen. 

It  wilt  be  remembered  that  picoline  is  isomeric  with  aniliat;. 
AdoptiDg  Laurent's  nomenclature,  ns  explained  under  naphthaline 
both  these  compounds  would  be  called  amnphenose  ;  and  the  rela- 
tion between,  them  would  be  the  sntiie  as  between  any  two  of  the 
seven  forms  of  cblonaphtese ;  that  is,  in  aniline  the  particular  mole- 
cule of  hydrogen,  replaced  by  amide,  is  different  from  the  molecule 
replaced  in  picoline.  Aniline,  therefore,  would  be  iimaphenase  a, 
and  pieoline  amaphenase  b.  For  the  explanation  of  ihe  views 
entertained  on  this  and  similar  subjects,  see  Chionaphtan. 

Orpyrrol,  and  of  rosolic  and  brunolic  acids,  so  little  is  known 
that  we  need  not  dwell  on  them. 

c.  Volatile  Carbohydrogens  in  Coal-Tar. 

a.  NaplUhaline,  CioH*,  or  CwHi.  —  This  remarkable  com- 
pound occurs  in  all  kinds  of  lar,  but  most  abundantly  in  coal-tar, 
aa  being  formed  at  a  very  high  temperature.  It  is  formed  in 
addilional  quantity  when  any  of  the  elements  of  oil  of  tar,  such  as 
creosote,  carbolic  acid,  &c.,  or  even  alcohol  and  ether,  are  passed 
through  tubes  heated  to  a  strong  red-heat  It  is  easily  obtained 
by  redistilling  coal-tar,  when  the  latter  portions  are  so  full  of 
naphthaline  as  lo  be  semi-solid.  It  is  well  squeezed  out,  and 
purified  by  sublimation  and  crystallization  in  hot  alcohol.  Or  the 
oil  of  coal-tar,  is  saturated  with  chlorine  gas,  which,  by  destroying 
some  of  the  oils,  allows  the  naphthaline  to  crystallise. 

Pure  naphihaliae  is  colorless  and  volatile,  and  forms  large 
tabular  transparent  crystals  of  a  very  peculiar  smell,  and  an  acrid 
aromatic  taste.  It  boils  at  414°,  but  cUstils  easily  with  the  vapors 
of  water,  and  is  dissipated,  like  camphor,  if  left  exposed  at  the 
ordinary  temperature. 

It  is  acted  on  by  chlorine  and  bromine,  nhich  combine  with  it 
in  the  first  instance,  and  also  give  rise  to  a  large  number  of  com- 
pounds formed  by  substitution ;  and  by  sulphuric  and  nitric  acids, 
each  of  which  produces  a  number  of  new  compounds  with  it. 
These  changes  have  been  studied  with  singular  perseverance  and 
remarkable  sagacity,  by  Laurent,  more  especially  the  action  of 
chlorine,  bromine  and  nitric  acid.  His  researches  have  been 
attended  with  unusual  success,  and  be  may  be  said  to  have  origin- 
ated and  established,  by  tbese  researches,  the  new  received  doctrine 
of  substitutions.  I  cannot  hope  to  sive  even  an  accurate  outline  of 
all  thai  Laurent  has  done  in  this  departDienl,  because  I  have  no- 
wher«  seen  a  complete  aoooant  of  these  Qurioua  renlta  as  tlwy  now 
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<»tand  ;  bat  nncil  the  amhor  him««;If  ^hftll  pablbh  m  complete  accoant 
o(  hu  researchers  on  naphthz&iine.  I  .shall  piac*.-  before  the  reader 
such  a  uen<L:ral  accoant  ot  them  as  may  >how  the  great  importance 
oi  !he  aubject,  and  some  of  the  iacere^cini^  tacU  already  ascertained. 

1.  Actios  of  Chloki5e  a5I>  Bkoxise  us  Nafbtralise. 

[U  i>  necea.sar}'  here  to  explain  the  principle  of  nomenclatare, 
pr<j\  Uiunally  adopted  by  Laurent,  especially  lor  cases  like  this  of 
hubstitation^i,  where  the  ordinary  nomenclature  is  entirely  inappli- 
cable.  The  nomenclature  of  Laurent  may  be  thought,  by  some, 
uncouth  ;  but  it  is  simple,  svatemaiic,  and  consistent  with  itself. 
Beginning  with  naphthaline,  he  gives  to  the  compounds  formed  by 
the  successive  substitution  of  chlorine  for  hydrogen,  names  begin- 
in<'  with  eJdo,  and  ending  with  a  syllable  in  which  the  vowels  a,  e» 
i,  o,  and  u,  are  employed  to  designate  the  replacement  of  1»  2,  3» 
4  and  5  eq.  of  hydrogen.     Thus,  if  in  napthaline,  C»  U«,  1  eq.  of 

hydrogen  is  replaced  by  chlorine,  we  have  the  compound  Cio  J  ^7 
This  is  called  chlonapto^e.  The  compound  Ca  \  p.*  is  chlonaph- 
tese;  C»  <  ^/  is  chlonaph/ii«,  &c.  The  corresponding  com- 
pounds of  bromine  are  bronaph/eue,  bronaph/f ^e,  and  bronaph/itc. 
When  we  get  as  far  as  chlonaph/ic«f ,  Co  ]  q^  as  there  are  no  more 
vowels,  we  begin  with  a,  adding  a  syllable  to  the  word.  Thus, 
Cm  \  p.'   is  chlonaph/a/eu«,  C20  <  ^1    is   chlonaph/a^!e«e,  and    Cm 

Cls  IS  chlonaph/ff^'^f,  and  so  on  with  bromine.  When  hydrogen 
is  replaced,  partly  by  chlorine,  partly  by  bromine,  then  the  name 
is  so  constructed  that  the  final  syllable  indicates  the  sum  of  the 
equivalents  of  chlorine   and   bromine,  while   both   chlorine   and 

bromine  are  prefixed.     Thus,  chlonaphtose  is  C^  <  p/  .  and  the 

compound  Cio  v  CI 3  is  chlon'bronaph/o»f  y  C^  •<  CI  is  chlorobro- 

(  Br  (  Bra 

n&phtose,  '  The  former  of  these  two  may  also  be  bromochlonaph- 
tone,  and  the  latter,  brom^'chlonaph^o^^.  We  shall  see  herea&er 
that  it  may  be  necessary  to  use  both  forms  to  distinguish  different 
compounds  which  are  isomeric.  Again,  where  hydrogen  is 
replaced  by  NO4,  we  have,   (N  O4   being  represented   by  X), 

Cjo  •<  Y^  nitronaphtasc,  and  so  forth.     In  like  manner,  if  H  were 

replaced  by  Ad  (Ad  =  N  lU),  we  should  have  do  j  Ad=C»Ht 

N.  This  would  be  called  amanaphtase  ;  and  such  a  compomd 
has  been  already  described  under  the  name  of  naphthalkline.  It 
<«  evident  that  this  nomenclature,  although  it  gives  liae  to 
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of  a  stn^lar  upect,  is  yet  easily  anderslood,  and  may  eren,  in 
many  cases,  serve  bs  well  aa  a  formula  to  remiad  ns  of  the  com- 
posilion.  Laurent  has  applied  it  to  manj  other  series,  as  we  have 
seen  in  the  Reries  of  phonyle,  wliere  we  have  chtorophenesic,  cblo- 
Tophenisic,  and  chlorophenusic  acids,  Ac] 

When  chlorine  is  brought  in  contact  with  naphthaline,  the  latter 
melts,  and  there  are  formed  at  once  two  compoands  of  chlorine 
and  uaphtbatine  ;  the  chloride  of  naphthaline,  C»Hi  -|-Olt  ;  and 
the  subchloride  of  naphthaline  Cnlli  +  Cli.  At  the  same  time 
hydrochloric  acid  is  diaengaged,  arising  from  the  action  of  chlorine 
on  one  of  these  chlorides.  The  former  is  a  solid,  which  is  best 
purified  by  solution  in  hot  oil  of  petroleum,  which  deposits  it  on 
cooling  in  crystals.  It  may  also  be  purified  by  means  of  iKHling 
ether,  which  dissolves  it  to  a  certain  extent  and  deposits  it  on 
cooling.  Chloride  of  N  is  decomposed  by  heat,  yielding  no  leas 
than  four  different  isomeric  forms  of  chlonApbtese.  An  alcoholic 
solution  of  potash  converts  it  into  two  more  forms  of  chlonaphtese. 
It  is  also  acted  on  by  chlorine,  bromine,  nitric  acid,  and 
BDlphide  of  ammonium,  yielding  many  new  compounds. 

Subchloride  of  N  is  an  oily  liquid,  which  by  the  action  of  heat 
is  partially  changed  into  hydrochloric  acid,  and  one  form  of  ghlo- 
naphtase.  An  ajcoholie  solution  of  potash  also  converts  it  into 
ohionaphtase  and  chloride  of  potassium.  Chlorine  converts  it  into 
two  chlorides  of  chlonaphtase,  isomeric  hut  distinct ;  if  the  heat  is 
too  strong  there  is  formed  one  kind  of  chlonopbtise. 

When  OTomine  is  made  to  act  on  naphthaline,  no  bromide  of  N 
is  formed,  but  hydrobromic  acid  ia  sepamted  and  bronaphtaae  is 
produced. 

Chlonaphtase,  C!m(HtC1),  is  obtained  bv  acting  on  subchloride 
of  N  by  alcoholic  aolution  ofjpotash.  On  the  addition  of  water,  an 
oily  liquid  separates,  which  is  purified  by  rectification,  and  ia  then 
chlonaphtase.  No  isomeric  modification  of  it  is  ^et  known,  but  the 
existence  ofsnch  is  extremely  probable.  Bromine  acta  on  it,  con- 
verting it  into  bromideof  chlorabronaphtese,  Bn  -|-  Qs  Hi  CI  Br. 

Bronaphtose,  Cb  (Ht  Br),  is  formed  by  the  direct  action  of 
bromine  on  naphthaline,  care  being  taken  to  avwd  excess  of 
bromine,  which  would  form  bronaphtese,  and  excess  of  napbtha- 
hne,  which  would  remain  unchanged.  Bronaphtase  is  a  colorless 
cA\,  decomposed  by  chlorine  and  bromine,  the  latter  converting  it 
into  bronaphtese  and  the  products  of  the  further  action  of  bromine 
on  bronaptitese.     As  yet  onlv  one  form  of  bronaphtase  b  known. 

Chlonaphtese,  C>i(Hg  Clt),occnrs  in  no  less  than  seven  dif- 
ferent isomeric  forms.  These  are  distinguished  by  Laurent  as 
modifications  a,  c,  ad.  «,/,  x,  and  y,  but  I  am  not  aware  of  th<i 
principle  on  which  these  letters  are  aelected.  a,  c,/,  and  x,  are 
obtained  by  the  action  of  heat  on  the  chloride  of  tl ;  ad  and  e  by 
boiling  chloride  of  N  with  tincture  of  potash  ;  and  y  by  the  aotitm 
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of  chlorine  on  nitronaphtese.  a  and  x  are  liquid,  all  the  rest 
crystallize  easily.  The  solid  forms  have  each  a  different  point  of 
fusion,  and  the  whole  seven  give  different  results  when  acted  on 
by  chlorine  and  bromine.  Since,  therefore,  the  composition  of 
all  seven  is  the  same,  we  are  compelled  to  adopt  the  conclusion 
that  it  is  not  the  same  2  eq.  of  hydrogen  which  are  replaced  by 
chlorine,  and  that  it  is  not  indifferent  which  equivalents  of  hydro- 
gen are  thus  replaced,  but  that,  on  the  contrary,  the  properties  of 
these  compounds  depend  on  the  particular  equivalents  or  molecu- 
les of  hydrogen  replaced  by  chlorine,  and  that  consequently  the 
arrangement,  or  relative  as  well  as  absolute  position  of  these 
molecules  in  the  compound  molecule,  is  a  matter  of  far  greater 
importance  (at  least,  in  this  and  other  analogous  cases),  in  refer- 
ence to  chemical  characters,  than  the  properties  of  the  elements, 
or  their  place  in  the  electrochemical  arrangement. 

Referring  to  what  I  have  said  on  the  subject  of  types,  at  pp. 
260-265,  I  would  here  point  out  that  naphthaline  is  a  type,  the 
molecule  of  which  is  made  up  of  20  equivalents  (not  single  atoms, 
but  molecules)  of  carbon,  and  8  equivalent  molecules  of  hydrogen  ; 
and  that  chlonaphtese  is  a  subtype,  in  which  the  20  molecules  of 
carbon  are  associated,  as  in  the  fundamental  type,  with  8  other 
molecules,  not  all,  as  before,  of  hydrogen,  but  6  of  hydrogen  and 
2  of  chlorine,  a  body  usually  considered  as  entirely  opposed  to 
hydrogen,  chlorine  being  strongly  negative,  and  hydrogen  strongly 
positive.  Yet  the  type  remains  unchanged,  and  we  cannot  help 
seeing  that  the  2  molecules  of  chlorine,  in  virtue  qf  their  position  in 
reference  to  the  20  of  carbon,  are  playing  the  part  of  2  molecules  of 
hydrogen. 

Farther,  if  we  conceive  the  8  molecules  of  hydrogen  in  the  fun- 
damental type  to  occupy  each  a  fixed  position,  in  relation  to  the 
20  of  carbon,  we  see  from  the  wonderful  phenomena  just  indicated, 
namely,  from  the  existence  of  seven  distinct  forms  of  chlonaphtese, 
that,  in  each  of  these,  a  different  pair  of  molecules  of  hydrogen 
has  been  replaced  by  chlorine.  If  the  8  molecules  of  hydrogen 
be  supposed  to  be  numbered,  according  to  the  fixed  position  of 
each  in  the  compound  molecule  of  the  type,  then  we  can  see  that 
in  chlonaphtese  a,  the  molecules  1  and  2  may  be  those  replaced, 
while  in  c  the  molecules  6  and  7  may  be  those  replaced  by  chlo- 
rine, and  so  on.  It  is  easy  to  calculate  that  in  this  way  at  least  28 
different  isomeric  forms  of  chlonaphtese  may  exist,  and  of  these 
seven  are  already  known. 

Our  space  will  not  admit  of  details  on  the  different  forms  of 
chlonaphtese,  but  I  have  thought  it  indispensable  to  explain  the 
view  now  taken  of  these  singular  compounds,  in  a  general  way. 
It  is  evident  that  we  may  expect  much  light  to  be  thrown  on  the 
obscure  subject  of  the  molecular  arrangement  of  compounds  by 
continued  researches  in  the  same  direction.    The  recent  progrett 
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of  thoM  deptulmentB  of  physics  vliich  are  most  closely  Rllicd  to 
ohemietry,  has  established  the  existence  of  ccrtaiD  relationa  between 
the  atomic  neight  and  conatiiuLion  of  compounds  and  their  phys- 
ical properties,  such  as  volume  or  density,  volatility,  state  in  regard 
to  cohesion,  solidity,  fluidity,  dec.  and  crystalline  form.  We  now 
see  a  prospect  ol  tracing  the  connection  betveen  the  molecular 
arnuigement  of  compoand  bodies  nnd  their  chemical  properties ; 
and  we  may  even  hope  hereafter  to  be  enabled,  simply  by  accu- 
rate observation  of  tiie  external  properties  of  a  body,  physicnl  and 
chemical,  to  ascertain  its  composition  and  constitutJoD ;  and  also 
to  predict  with  accuracy  the  properties  of  compounds  yet  unformed, 
the  fonnalioa  of  which  will  probably  become  a  problem,  solvable 
by  a  few  rules  of  universal  application. 

For  the  present,  we  have  only  the  distant  prospect  of  these 
results ;  but  we  have  only  assiduously  to  pursue  the  study  of 
nature  on  true  inductive  principles,  in  order  to  be  hereafter  enabled 
to  bring  into  order  ihe  chaos,  so  to  speak,  of  interesting  and  im- 
portant observations,  the  number  of  which  is  hourly  increasing, 
while  a  large  proportion  of  them  have  not  yet  found  a  use  or  an 
application.  We  must  now  return  to  the  derivations  of  naphtha- 
line, which  we  have  only  space  briefly  to  name. 

Bronaphtese,  CafUt  Brt),  is  easily  formed  by  the  action  of 
bromine  on  naphthaline  or  on  bronapbtase.  It  is  a  crystal  I  liable 
solid,  and  probably  corresponds  to  chlonaphlese  c.  Only  one 
bronaphtese  is  yet  known.  It  forms  several  compounds  with 
bromine. 

Chlonaphtise,  Ca(Hi  Cli),  occurs  in  six  different  forma  (out  of 
56  which  are  possible),  a,  ae,  c,  g,  d,  and  ad,  all  of  which  are  crys- 
tallizable  solids.  They  are  obtained  in  difierent  ways  :  a  by  boil- 
ing with  tiocture  of  potash  the  oily  modification  of  chloride  of 
chlonaphtase  ;  at  by  the  action  of  chlorine  on  chlonaphteee  ad, 
melted ;  and  y  along  with  some  of  a,  by  boiliog  with  tincture  of 
potash  the  crystalliied  chloride  of  chlonaphtase ;  d  by  distilling 
the  crystallized  chloride  of  chlonaphtase  ;  and  ad  by  boiling  with 
tincture  of  potash  the  double  chloride  of  naphthaline  and  of  chlo- 
naphtase ;  a  is  converted  by  chlorine  into  chlonapbtose  a  ;  and 
bromine  converts  it  into  chloribronaphtose  a. 

Bronaphlise,  C»(Ht  Cli),  is  obtained  by  healing,  the  bromide 
of  bronaphdse,  when  bromine  is  given  oif.  It  is  crystallixable. 
Only  one  form  is  yet  known. 

Chlonapbtose,  C9o(H4  CU),  occurs  in  four  isomeric  forms,  a,  b, 
e,  and  k,  out  of  a  very  large  number  which  are  passible.  Hhey 
are  all  crystal  lizable.  It  is  unnecessary  to  mentjon  the  methods 
employed  lo  obtoia  them,  which  are  analogous  lo  those  already 
described  for  chlonaphtjse  or  chlonaphtese. 

Bronaphtose,  Cti(H(  Brt),  appears  to  exists  in  two  forma,  a 
and  b,  both  crystallixable. 
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Chlonapbtuse,  Gao  (Hs  Cls ),  and  bronaphtuse,  Gao  (Hs  Brs  ),  are 
not  yet  known. 

Cblonaphtalase,  O»(HaCl0),  is  obtained  by  the  action  of 
chlorine  on  chlonaphtise  a.     It  forms  soft  flexible  prisms. 

Chlonapbtalese,  C»  (H  CI?  ),  is  not  yet  known. 

Chlonapbtalise,  CioClt,  the  compound  in  which  all  the  hydro- 
gen of  naphthaline  is  replaced  by  chlorine,  is  obtained  by  con- 
tinuing the  action  of  chlorine  on  chlonaphtise  a.  It  is  also  cfjrs- 
tallizable.  Laurent,  apparently  from  its  crystalline  form,  considers 
it  to  correspond  with  the  modifications  c  of  chlonaphtese  and  chlo- 
naphtise ;  and  for  the  same  reason  he  considers  the  only  cblo- 
naphtalase known,  as  cblonaphtalase  a.  In  the  case  of  chlonaph- 
talise,  if  different  modifications  can  occur,  they  must  depend  on  a 
different  principle  from  that  which  regulates  the  modifications  of 
those  compounds  in  which  both  chlorine  and  hydrogen  are  con- 
cerned. 

But  until  Laurent  shall  publish  a  complete  account  of  his 
views,  it  is  not  easy  to  ascertain  exactly  what  those  views  are. 
I  suspect  some  error  in  the  only  account  of  these  researches  to 
which  I  could  refer. 

Besides  the  above,  there  are  a  number  of  compounds  derived 
from  naphthaline,  in  which  the  hydrogen  is  replaced  by  bromine 
and  chlorine  at  once. 

Chlorebronaphtise  a,  C20  (Hs  Ola  Br),  is  a  crystalline  solid  very 
similar  to  chlonaphtise  a, 

Chlorebronaphtose  b,  do  (H4  Cla  Bra  ),  is  obtained  by  the  action 
of  bromine  on  chlonaphtese/. 

Chloribronaphtose  a,  bromachlonaphtose  a,  and  broroachlo- 
naphtose  b,  are  three  isomeric  compounds.  The  first  is  obtained 
by  the  action  of  bromine  on  chlonaphtise  a,  and  the  bromine  is, 
therefore,  placed  second  in  the  name.  The  two  others  are  both 
formed  when  chlorine  acts  on  bronaphtese.  These  are  the  com- 
pounds alluded  to  at  p.  265.  They  furnish  a  very  beautiful  proof 
of  the  truth  that  the  position  of  the  replaced  or  replacing  mo^cule 
is  all-important.     They  are  all  crystallizable. 

Bromechlonaphtose  6,  On  (Ha  CI 3  Bra),  is  a  crystalline  solid 
obtained  by  boiling  chloride  of  bromechlonaphtise  with  tincture  of 
potash. 

Chloribronaphtuse,  Ca  (HaClaBra),  is  a  crystalline  solid,  formed 
by  the  action  of  bromine  on  chloride  of  naphthaline. 

There  remain  to  be  described  some  compounds,  analogous  to 
the  chlorides  of  naphthaline,  and  containing  consequently  chlorine 
or  bromine,  in  addition  to  the  type  or  subtype. 

Chloride  of  chlonaphtase,  CU  +  C20  (H?  CI),  is  obtained  by 
the  action  of  chlorine  on  the  subchloride  of  napthaline.  It  is  the 
most  remarkable  of  the  whole  series  from  the  great  size  and 
beauty  of  its  crystals.     It  occurs  in  an  isomeric  form  as  an  oily 
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liqnid.  When  distilled,  these  compounds  jield  diSerenl  forma  of 
chlottftphlise  mixed  ti^ther. 

Chloride  of  cblonaplilese,  Clt  +  C2q(H*  Clt).  occurs  in  three 
isomeric  foimB.  a  and  x  are  oily  liquids,  derived  ruspeclivety 
from  chlonaphteee  a  and  x  by  the  action  of  chlorine,  c  is  derived 
from  chlonaphtese  c  in  tlie  sane  way,  and  is  crystalline.  They 
all  yield  chlonaphtose  when  heated,  but  in  different  forms. 

Bromide  of  chlonaphtese,  Brt  4-  Cm  (Hi  CU),  is  obtained  by 
the  action  of  bromine  on  chlonaphtcEe  c.  It  is  crystalline.  An 
excess  of  bromine  produces  at  least  five  difTerent  compounds. 

Bromide  of  chlorabronaphlese,  Br*  +  Cb  (Hi  Br  CI),  ie  formed 
when  bromine  acts  on  chlonaphtivsu.     It  ia  ciyslalline. 

Bromide  of  bronapbtese,  Br*  4-  C«  (Ho  Bn),  is  formed  by  the 
Action  of  bromine  on  bronaphl«se.  It  is  crystalline,  and  when 
distilled  yields  hydrobromic  acid  and  bronaphtose. 

Subbrumideof  bronapblise,  Bri  4*  Ca(Hi  Bra),  is  formed  along 
with  the  preceding.     It  ia  also  crystalline. 

Bromide  of  bronaphlise,  Brt  +  Ci[i(H>  Bn),  is  also  a  highly 
crystalline  solid. 

Subchloride  of  bronaphtase,  Cli  -H  ^^  (Ht  Br),  formed  by  the 
action  of  chlorine  on  bronaphtase,  crystallizes  in  regular  rhomboid al 
plates. 

Chloride  of  bronaphlese,  Ch  +  Cm  (H«  Brt).  crystallizes  in 
long  prisms.  Perchloride  of  bronaphtise,  Cli  +  &«  (Hi  Brj), 
crystallizes  in  ri^ht  prisms  wiib  rhombic  base. 

Chloride  of  bromecblonaphtise,  CI4  +  Cm  fHj  Br.  CI),  crys- 
tallizes  in  oblique  rhombic  prisms.  When  boiled  with  tincture  of 
potash  it  yields  bromechlonaphtu!<e,  Cio  (Hi  BriCli). 

All  the  preceding  compounds  have  been  discovered,  studied, 
analyzed,  and  described  by  Laurent,  besides  a  large  additional 
number  of  derivatives  of  nHphllialinc,  under  the  agency  of  chlo- 
rine and  bromine,  which  he  has  not  so  fully  examined.  Those 
here  named  are  sufficient  to  illustralo  the  endless  variety  of  com- 
pounds attainable.  Every  subtype  of  the  original  type  of  naphtha- 
line admits  of  numerous  permutations,  and  where  both  chlorine 
and  bromine  are  present,  the  number  of  possible  permutations  is 
enormously  increased.  In  short,  tnese  remarkable  researches 
have  only  made  us  acquainted  with  a  very  small  selection  of 
(he  possible  products  of  the  action  of  chlorine  and  bromine  on 
naphthaline,  the  type  remaining  unchanged. 

Thus  the  subtype  chlonaphtose,  Cfl>(H4  Cl<),  admits  of  65 
isomeric  modifications,  all  different,  as  does  of  course  bronaphtose 
also.  But  these  subtypes  may  yield  the  modified  subtypes,  chlo- 
rabronaplitose,  ch  lore  bronaphtose,  chlori  bronaphtose,  bromaehlo- 
naphtose,  bromechlonapbtose,  and  bromichlonaphtose,  and  olhera, 
difficult  to  name,  depending  on  the  relative  proportions  and 
pouiions,  in  the  molecule  of  tlie  sabtype,  of  lb»  4  eq.  ohloriiw  and 
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bromine.  It  is  easy  to  imagine  1 4  such  modified  8ubt3rpe8,  and 
there  appears  no  reason  why  each  of  them,  with  the  two  subtypes, 
should  not  admit  of  at  least  65  isomeric  forms.  This  would  give 
1040  isomeric  forms,  all  included  under  the  two  subtypes  chlo- 
naphtose  and  bronaphtose,  or  under  one  subtype  which  may  be 
called  naphtose,  C»(H4  X4).  X  is  here  put  for  chlorine  or 
bromine. 

2.  Action  of  Sulphuric  Acid  on  Naphthaline. 

When  naphthaline  is  dissolved  in  warm  oil  of  vitriol  to  saturation, 
the  solution,  if  left  exposed  to  the  air,  becomes  a  semi-solid  mass 
of  a  dirty  purplish  color.  This,  dried  on  a  porous  brick,  leaves  a 
quantity  of  scales,  very  soluble  in  water  and  alcohol,  which  are  a 
mixture  of  two  acids. 

a,  HyposulphonaplUhalic  Acid,  CmHs,  S2  O5  +H0  ? — The 
above  mixture,  being  dissolved  in  water,  is  saturated  with  carbo- 
nate of  lend,  which  forms  insoluble  sulphate  of  lead,  and  two 
soluble  salts,  one  of  which  is  soluble  in  alcohol  and  contains  this 
acid,  and  yields  it  when  decomposed  by  sulphuretted  hydrogen. 
The  acid  forms  a  hard  crystalline  fusible  mass  of  an  acid  and  bit- 
ter taste.  Its  salts  are  soluble  and  cry  stall  izable.  Their  formula 
is  CaHieSa  Os.MO. 

b,  ffypostdphonaplitic  Acid,  Cn  Hs  Sa  0«=  Cii  H4  Sa  0«,  H  O  ? 
The  lead  salt  insoluble  in  alcohol  contains  this  acid,  the  salts  of 
which  are  soluble,  bitter,  and  hardly  crystallizable.  It  is  possible 
that  a  third  acid  accompanies  these  two  :  for  Faraday  obtained  a 
third  salt  of  baryta,  and  Berzelius  found  a  third  salt  of  lead  in  the 
mother  liquid  of  the  other  two.  Faraday's  salt,  which  remains 
with  the  sulphate  of  baryta  formed  in  the  process  by  the  free  sul- 
phuric acid,  and  may  be  extracted  by  boiling  water,  yields  about 
42  per  cent,  of  sulphate  of  baryta  when  calcined. 

The  vapors  of  anhydrous  sulphunc  acid,  passed  over  fused 
naphthaline,  form  with  it  a  red  liquid.  If  the  acid  be  in  excess, 
there  is  formed  a  new  acid,  the  hyposulphoglutinic  acid,  besides 
small  quantities  of  the  preceding  acids  ;  if  there  be  excess  of 
naphthaline  there  are  formed  two  neutral  bodies,  sulphonaphtholine 
and  sulphonaphthalide. 

Hyposulphoglutinic  acid,  when  pure  and  dry,  is  a  hard  glassy 
mass.  When  precipitated  from  its  salts  by  stronger  acids,  it  forms 
a  viscid  hydrate  like  turpentine.  Its  salts  are  generally  soluble 
and  do  not  crystallize.     Its  composition  is  unknown. 

Sulphonaphthaline,  CwHs  S  Oa  ?  is  a  crystalline  fusible  solid. 

Sulphonaphthalide,  Cm  Hio  S  Oa  ?  is  a  crystalline  powder  not 
fusible  at  212°. 

3.  Action  of  Nitric  Acid  on  Naphthaline,  and  its  Debivatiyss. 

Nitric  acid  acts  on  naphthaline,  and  gives  rise  to  a  whole  series 
of  compounds  in  which  NO4  is  substituted  for  hydrogen.    The 
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Bsme  principles  apply  here  as  in  the  acUoa  of  chlorine  and  bro- 
mine on  naphthaline.  It  is  to  Lnurent  that  we  are  indebted  for  our 
knowledge  of  these  compounds,  which  our  space  will  only  allow  ns 
to  name. 

Nitronnphtase,  Ga>  Hi  X,  (X  is  here  put  for  N  O. ),  is  best 
formed  by  causing  nitrous  acid  to  pass  through  melted  naphthaline. 
It  is  purified  by  means  of  alcohol,  and  forms  long  prisms  of  a 
sulphur-yellow  color,  fusible  at  110°.  Chlorine  decomposes  it, 
producing  chlonaplitose.  Nitric  acid  converts  it  into  nitron aphtcse. 
By  the  action  of  sulphuretted  hydrogen  and  ammonia  it  yields,  as 
has  been  already  explained,  a  base,  naphtalidine  or  amanaphtase, 
0«AdHT=C»H,lf. 

Naphlalase,  Cn{HT  O),  b  a  yellow  crystalline  solid  formed  by 
gently  heating  nitronaphtase  with  10  parts  of  lime  slightly  mois- 
tened. It  communicates  to  cnl  of  vitriol  a  magnificent  blue  color. 
It  is  insoluble  in  alcohol  as  well  as  in  water,  otherwise  it  would 
recall  pyroxanthioe,  which  is  yellow  and  volatile  and  colors  sul- 
phuric acid  purple. 

Nitron aphlese.  Cso(H*  X»},  forms  a  crystalline  powder  fusible 
at  366°,  insoluble  in  water,  very  sparingly  soluble  in  alcohol.  It 
is  converted,  by  the  action  of  sulphuretted  hydrogen  and  ammonia 
into  the  new  artificial  base,  semi  naphtalidine,  =  Cio  Hi  N. 
'  Nitronaphteise,  Cjo(HiiX3i)?  is  a  crystalline  compound 
formed  when  naphthaline  is  added  in  small  quantities  to  a  large 
mass  of  hot  nitric  acid.  Nitronaphtese  is  produced  along  with  it. 
It  is  pale  yellow  and  very  fusible,  becoming  liquid  even  in  boil- 
ing alcohol.  This  great  fusibility  prevents  us,  notwithstanding  its 
strange  formula,  from  considering  it  as  a  mixture  of  nitronaphtese 
and  nitron aphtise,  the  former  of  which  melts  at  365°,  the  latter  at 
410",  and  which  are  very  insoluble  in  ether,  in  which  liquid  nitro- 
naphteise  readily  dissolves. 

Nitron  aphtise,  Cn  (H>  Xi ),  is  formed  along  with  the  preceding, 
and  crystallizes  in  rhomboidal  plates  of  a  pale  yellow  color,  fusible 
at  410°. 

Kitronaphtale,  CitHi  Ni  On,  is  a  crystalline  substance,  formed 
by  the  long-continued  action  of  nitric  acid  on  the  mother  liquor  of 
all  the  preceding.  It  melts  at  420°,  and  sometimes  solidities  in 
an  amorphous  state  i  a  slight  heat,  or  touching  the  melted  sub- 
stance with  a  point,  causes  it  to  crystalliEC. 

Nitronaphtesicacid,  CiH.jN.i  0.?  CbH.  N,  0.?— Thisacid 
is  formed  when  nitron aphtalcse  is  boiled  with  tincture  of  poiash, 
and  is  separated  from  the  potash  by  nitric  acid.  When  dry  it  is 
brownish- black,  and  forms  brown  salts,  which  are  soluble  and 
uncrystallizable.  Nitronapbtalriisic  acid,  CuH^OaNii,  or  Cm 
H>  OiiNa,  is  a  similar  acid,  formed  from  nitronaphtal^ise.  Nitro- 
naphtisic  acid,  is  another  brown  acid,  formed  m  the  some  way 
from  nilronaphtalise. 
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Oxide  of  chlorox^naphtose,  Oa  +  C»^H4  Clt  Os),  is  fonned 
when  nitric  acid  acts  on  crystallized  chloride  of  chlonaphtose.  It 
appears  as  a  yellow  crystalline  solid.  It  is  accompanied  hj  chlo- 
ranaphtisic  acid,  into  which  it  is  also  converted  by  boiling  with 
tincture  of  potash. 

Chloranaphtisic  acid,  CfloHsClOo,  is  formed  from  the  preced- 
ing compound,  as  follows  :  C» H*  Cla  O4  +  H  O  +  2 K O  =  K  CI 
+  (Cio  Us  01  Oc  +K0).  It  is  separated  from  the  potash  by 
adding  an  acid,  and  forms  yellow  crystals,  fusible  at  392**.  Its 
salts  are  for  the  most  part  insoluble,  and  exhibit  the  most  beauti- 
ful colors,  including  yellow,  orange,  red,  and  carmine. 

Oxide  of  chloroxenaphtalise,  Oa  -f  ^^  ^1<  0<>  ^  obtained  along 
with  chlophtalisic  acid  and  other  compounds,  when  nitric  acid  is 
boiled  with  chlonaphtalase,  O20  Ha  Olo.     It  forms  golden  scales. 

Ohlorox^naphtalesic  acid,  OioHOU  Oo,  is  formed  when  the  pro- 
ceding  compound  is  acted  on  by  potash,  which  at  once  changes  it 
into  a  fine  carmine-red  substance,  from  which  acids  separate  the 
new  acid  as  a  yellow  crystalline  powder.  It  forms  beautiful  red 
salts  with  potash  and  ammonia.  It  is  formed  as  follows  :  On  Clt 
O4  +  H  O  +  2 KO  =  (C« H  Cls  Ofl  +  K 0)  +  K  01. 

Phtalic  or  naphtalic  acid,  OicH4  Os,  2H0  =  OitHs  Os,  is 
formed  by  the  action  of  nitric  acid  on  chloride  of  naphthaline.  It 
forms  rounded  groups  of  lamellar  crystals,  and  yields  crystalliz- 
able  salts.  When  distilled  with  lime  it  yields  benzole  (ph6ne), 
and  carbonic  acid,  OicHe  Oa  =  4  00a  +  On  He.  When  the  hy- 
drated  acid  is  distilled,  it  yields  the  anhydrous  acid  in  fine  elastic 
needles. 

The  acid  phtalate  of  ammonia,  Oio  H4  Oe,  N  H4  O,  H  O,  when 
heated,  yields  water,  4  HO,  and  phtalimide,  OmHs  NO4. 
.  Phtalamide,  OieHoNOs,  is  obtained  by  acting  on  anhydrous 
phtalic  acid  by  ammonia.  It  appears  that  phtalimide  b  acid 
phtalate  of  ammonia,  minus  4  eq.  water,  while  phtalamide  is  anhy- 
drous phtalate  of  ammonia,  O16H4  0«  -{-  N  Hs,  minus  1  eq.  water. 
Both  are  crystalline  solids,  and  both  appear  to  form  definite  com- 
pounds with  oxide  of  silver. 

Nitrophtalic  acid.  On  Ha  N  Oio,  2  H  0,  is  derived  from  phtalic 
acid  by  the  substitution  of  1  eq.  NO4  for  1  eq.  hydrogen :  0mH4 
Oo  —  H  +  N04=Ci6H3NOio.  It  forms  beautiful  pale  yellow 
crystals  ;  and  when  gently  heated,  it  yields  the  anhydrous  acid  in 
tine  white  needles. 

Oblophtalisic  acid,  OwH  OI3  Oo,  is  formed  along  with  the  oxide 
of  chloroxenaphtose  when  chlonaphtalase  is  boiled  with  nitric  acid. 
It  is  crystallizable,  and  represents  anhydrous  phtalic  acid,  in  which 
3  eq.  hydrogen  have  been  replaced  by  3  eq  chlorine. 

To  judge  from  the  action  of  chlonne  unaided  by  heat,  and  of 
nitric  acid,  on  naphthaline,  that  body,  OaoHs,  is  composed  of  two 
carbohydrogens,  Oi«H4  and  O4  H4,  the  latter  of  which  is  more 
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easily  altered.     The  former,  plus  6  eq.  oijgen,  vields  phtatic  acid, 
GitH4  +0i  ;  nnd  Ibe  sabsUlulion  in  phtaIioBcidorN04  (=X), 

for  H  yields  nitrophtalic  acid,  Cn    J  x-4-0 

p.  Anliraeent,  CnHn.  —  This  compound,  which  is  polymeric 
with  naphthaline,  is  also  found  in  coal-tar,  and  is  sometimes  called 
paranaphthaline.  It  melts  at  366°,  and  distils  at  3S2°,  ;^ieldiiig 
foliated  plates.  When  act«d  on  by  nitric  acid,  it  gives  rise  to  a 
series  of  compounds,  in  which  oiygen  is  substituted  for  hydrogen, 
while  the  compounds  thus  formed  combine  with  byponitrous  acid. 
Thus  we  have, 

C»Hi.  O   +    NO: 
C«iHioOi+3NOi 
ly poni trite  oF  an thraceniBB     .    .   CsoHg  O9 -(- 3  N  O9 -(- 3  H  O 

Hyponilrite  of  antbraoenoEe      .    ■    .   C»Hi  0<  *'  " 

HypoDJtTita  of  amhracenuBe      .   .    ,   C»Hi  0< 

Anthracenuae CbHiOi 

Chloranthracenese CvHwCli 

The  second  compound  of  the  above  list  is  not  known  ;  but  its  cx< 
btence  is  probable.  In  all  the  worlis  to  which  I  have  access,  there 
appear  lobe  errors,  probably  of  the  press,  in  the  table,  which  I  have 
ventured  to  correct,  so  as  to  bring  the  formnlee  into  correspondence 
with  the  systematic  names  devised  by  Laurent,  who  discovered  all 
Iheae  substances,  on  the  same  principle  as  in  the  case  of  naphtha- 
line. 

f.  Chrytene,  Cs  H,  or  GiiHt,  is  found  among  the  last  portions 
of  the  rectification  of  coal-tar.  It  is  a  yellow  crystalline  solid, 
insoluble  in  most  liquids.     It  melts  at  466". 

t.  Pyrtnt,  GmHi,  or  CnHi,  is  found  accompanying  the  pre- 
ceding. It  is  a.  good  deal  more  fusible.  When  acted  on  by  nitric 
acid  botb  of  the  above  compounds  yield  modifications,  called,  by 
Laurent,  the  hyponitrites  of  chrysenaae  and  of  pyrenase,  Cn  Ha 
0-|-NOj,and  CuH.  O-t-NOa.  The  former,  by  the  continued 
action  of  nitric  acid,  is  converted  into  CuHi  Oi  -\-  2N  Os,  which 
Laurent  calls  nitrite  of  chrysenese  (properly,  of  chrysenaese  ?) 

When  bituminous  shale  is  distilled,  it  yields  a  thick  empyren- 
matic  oil,  composed  of  several  products.  Among  these  is  an  oil 
apparently  identical  with  eupion,  and  another  very  peculiar  oil, 
called  ampeline.  This  oil  has  neither  taste  nor  smell,  but  is  in 
some  points  more  analogous  to  creosote  than  to  any  other  sub- 
stance. It  diasolves  in  water,  but  a  few  drops  of  acid  cause  it  to 
separate.  Its  composition  is  still  unknown.  It  may  possibly  be  a 
product  of  the  action  of  oil  of  vitriol,  which  is  used  in  its  prepara- 
tion, on  some  other  substance. 

Aropelie  Acid  is  formed  by  the  action  of  nitric  acid  on  that  part 
of  the  oil  of  sehist  whioft  distils  at  300°,    It  is  oilf ,  advble  in 
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hot  water,  and  forms  very  soluble  salts.  Its  composition  is  not 
known  with  certainty.  A  similar  oil,  obtained  from  coal-tar,  was 
found  to  contain  Cu  He  Oe.  This  would  be  isomeric  with  hydrated 
salicylic  acid. 

FOSSIL   RKSINS,    WAX,    OIL,    NAPHTHA,    ETC. 

Retinite  or  retinasphalt  is  a  fossil  resin  found  in  lignite  or  wood- 
coal.  It  is  fusible  and  combustible,  and  almost  entirely  solable  in 
alcohol.  Retinic  acid,  C21H9  O3,  was  found  by  Johnston  in  the 
retinasphalt  of  Bovey. 

Hatchetine  is  another  fossil  resin  found  in  the  lignites  of  Wales. 
It  is  colorless,  or  slightly  yellow,  fusible  and  volatile. 

Scheererite  is  a  colorless,  translucent  substance,  of  a  pearly 
lustre,  found  in  the  Swiss  lignites.  Both  hatchetine  and  scheer- 
erite appear  to  be  carbohydrogens,  and  much  resemble  paraffine, 
not  quite  pure. 

Middletonite  is  a  fossil  resin,  found,  near  Leeds,  in  coal. 

Idrialine  is  a  remarkable  solid  carbohydrogen  found  in  the 
quicksilver  mines  of  Idria.  Its  composition  is  C3  H,  or  perhaps 
Csi  Ht  ;  it  colors  oil  of  vitriol  intensely  blue,  forming  a  coupled 
acid.  Succisterene,  a  solid  body  obtained  by  Pelletier  and  Walter 
in  the  distillation  of  amber,  has  Uie  same  composition,  and  colors 
sulphuric  acid  blue.  It  is,  therefore,  in  all  probability,  identical 
with  idrialine. 

Ozokerite,  or  fossil-wax,  is  found  in  large  masses  in  the  bitumin- 
ous schist  of  Slamick,  in  Moldavia.  When  distilled,  it  yields  a 
substance  like  wax,  and  also  a  good  deal  of  paraffine.  Ozokerite 
is  very  fusible,  and  burns  with  a  bright  flame. 

Fichtelite  is  a  fusible,  volatile,  crystal! izable  solid,  found  in 
branches  of  pine-trees,  in  the  peat  of  the  turbaries  in  the  Fich- 
telgebirge.  It  appears  to  have  the  formula  C»  His,  and  is  proba- 
bly derived  from  essence  of  turpentine,  C«o  Hi«. 

Tckoretine ;  phylloretine  ;  xyloretine  ;  and  boloretine ;  are  the 
names  of  four  resinous  compounds,  found  in  the  peat  of  Denmark, 
on  the  remains  of  pine-trees.  Tekoretine  and  phylloretine  are 
both  fusible,  volatile,  and  crystal lizable.  The  former  appears  to 
be  CioHo,  the  latter  Cs  Hs.  Xyloretine  is  less  fusible,  and  is 
decomposed  by  heat.  It  crystallizes,  and  its  formula  is  said  to  be 
C40H3SO4,  which  only  differs  from  that  of  sylvic  acid  by  1  eq. 
hydrogen.  Boloretine  is  fusible,  but  does  not  crystallize.  Its 
formula  is  Cm  Has  -f  3  H  O,  but  it  occurs  also  with  5  and  6  eq.  of 
water. 

Asphaltum  ;  mineral  pitch  ;  pitch  of  Judea.  —  These  are  the 
names  of  certain  substances  of  similar  characters,  found  in  differ- 
ent parts  of  the  world,  as  in  Trinidad,  in  Hanover,  and  at  the 
Dead  Sea,  in  Palestine.  They  all  resemble  pitch  in  aspect,  and 
are  composed  of  a  dark  brown  renn,  mixed  with  more  or  less  of 
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a  brillinat  black  matter,  asphaltenc,  Cm  Hi<  Oj ,  or  of  a  liquid  Tola- 
tile  oil,  pelrolcne,  CuHm-  The  former  of  these  ia  probably  an 
oxide  of  llie  latter.  The  diflVrent  kinds  uf  iLuphaltom  are  rauch 
used  for  water-proof  cements,  and  for  pavemt^nts,  or  roofe.  Naph- 
teioe  is  a  somewlial  aoalogous  Gubslance,  found  ia  the  limestuaes 
of  tbe  Maine  et  Loire. 

Petroleum  and  naphtba.  —  In  certain  spots,  in  the  ueigbborhood 
of  ibc  Caspian,  in  Ava,  at  the  Tcgernsce  in  Bavaria,  at  Amiaiio 
in  Italf,  and  near  Neufchat«l,  as  well  as  in  other  places,  pits  dug 
in  tbe  earth  become  filled  with  water,  on  which  tioats,  more  or 
less  abundantly,  an  oily  matter,  formerly  ealled  rock-oil.  The 
purer  kinds  are  little  colored  and  very  tiuid,  and  when  distilled 
with  water,  leave  hardly  any  residue.  These  are  called  nnphlba. 
Ocber  kinds,  as  the  petroleum  of  Hingoon  in  Ava,  are  durk-col- 
ored  and  semi-solid,  liut  become  liquid  at  80°  or  90".  These 
yield  by  distillation,  first,  muuh  naphtha,  nearly  colorless,  and  then 
much  paraffine,  which  is  easily  purified.  Naphtha,  when  pure, 
has  the  Sp.  O.  0755,  and  iu  formula  is  C«  Hj.  Rectified  naph- 
tha is  used  for  the  purpose  of  preserving  potassium  and  sodium, 
which  have  no  action  on  it  if  water  be  not  present.  In  man; 
places  the  native  naphtha  is  used  to  give  light. 

Beicbenbacb  found  that  coal,  distilled  with  water,  yielded  « little 
of  an  oil  very  suuilar  to  petroleum. 

All  the  above  substances  are  formed  by  the  decay  or  destruc- 
tion of  organic  matter,  chiefly  wood.  It  is  not  altw^ther  improb- 
able that  those  kinds  which,  like  the  rangoon  petroleum,  contain 
Earafiine  ready  formed,  may  have  been  formed  by  the  action  of 
eat  on  beds  of  vegetable  remains,  situated  pretty  deep  in  the 
crust  of  the  earth. 

Soot  and  lamp-black  arc  produced  by  the  imperfect  combustion 
of  organic  matters.  They  contain  much  carbon,  mixed,  in  soot, 
with  an  acid  resinous  matter,  and  with  a  substance  analogous  to 
humus,  but  containing  nitrogen,  and  called  abiolint.  Lamp-black, 
besides  a  little  resin  and  oily  matter,  often  oontains  naphthaline, 
which  may  be  extracted  by  alcohol. 

flULFBURIZEn   J 

We  have  already  seen  that  some  essential  oils  contain  a  large 
proportion  of  sulphur,  and  it  is  probable  that  these  oils  are  de- 
rived from  the  decomposidon  of  compounds  cxiatuur  in  the  plants 
which  contain  much  sulphur,  but  the  true  nature  of  which  is  not 
yet  known.  But  while  such  compounds  only  occur  in  a  few  plants, 
there  is  another  class  of  sulphurized  compounds  which  occur  in  all 
plants  without  exception.  These  compounds  contain  nitrogen  and 
oxygen,  both  in  considerable  proportion  to  the  carbon  ana  hydro- 
gen, and  a  small  proportion  of  sulphnr.    They  are  all  solid,  uid 
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when  heated  yield  products  containing  ammonia  and  sulphur. 
They  have  neither  a  medicinal  nor  a  poisonous  action  on  the  ani- 
mal system,  but  are  nutritious  in  the  strict  sense  of  the  word. 

Such  are  vegetable  albumen,  vegetable  tibrinc,  and  vegetable 
caseine,  as  well  as  animal  albumen,  animal  (ibrine,  and  animal 
caseine.  The  latter,  when  compared  with  the  former  respectively, 
are  found  to  differ  from  them  only  in  form,  agreeing  with  them  in 
all  essential  chemical  characters.  Every  one  of  the  six  dissolves 
in  strong  hydrochloric  acid,  gently  warmed,  with  a  purple  color ; 
and  all  of  them  likewise  dissolve  in  caustic  potash,  forming  a  solu- 
tion which,  according  to  Mulder,  yields,  after  boiling,  on  the  addition 
of  acetic  acid,  a  gelatinous  precipitate  containing  no  sulphur, 
while  sulphuretted  hydrogen  gas  is  disengaged.  Mulder  named 
tliis  precipitate  Proteme,  believing  it  to  be  the  fundamental  com- 
pound in  the  albuminous  substances,  in  each  of  which  it  was  com- 
bined with  different  small  proportions  of  sulphur,  phosphorus,  and 
salts.  The  following  table  will  explain  his  views,  proteine*  accor- 
ding to  his  analysis,  being  C49  H31  iNs  O12  =  Pr. 

Crystalline  humor  contains  15  eq.  proteine  4-  1  eq.  sulphur. 

Caseine  "         10  «*         "        --1  •«        «* 

Vegetable  gelatine       "        10"        "        --2"        «« 

Albumen  of  eggs        "        10  *«        "        --1  "        "    -I- ^ ^*  phosphoms 

Fibrine  "        10  *«         "        --1  ««        "4-1  "  " 

Albumen  of  blood       "        10"        "        -|-2  "        "     -}-^  "  " 

In  this  table  the  salts  are  omitted. 

Mulder's  view,  according  to  which  the  albuminous  substances 
are  all  compounds  of  proteine,  has  been  generally  adopted,  and  is 
at  first  sight  very  attractive,  as  it  not  only  accounts  for  the  close 
agreement  in  composition  and  properties  among  the  albuminous 
bodies,  but  also  enables  us  to  perceive  how  they  may  pass  into 
each  other. 

But  on  a  closer  inspection,  several  things  appear  unfavorable  to 
the  theory  of  proteine.  In  the  first  place  :  in  the  above  table,  the 
albumen  of  eggs  contains  less  sulphur  than  that  of  blood,  whereas, 
in  fact,  it  con  tarns  more.  Secondly :  in  the  table,  albumen  of  eggs 
and  fibrine  have  the  same  formula,  yet  their  properties  are  totally 
distinct ;  while  the  proteine  theory  professes  to  explain  difference 
of  properties  by  difference  of  composition.  Thirdly  :  recent  anal- 
yses, according  to  the  most  accurate  methods,  have  proved  that 
those  bodies  contain  three  or  four  times  as  much  sulphur  as  is  as- 
sumed in  Mulder's  formulae.  Fourthly:  it  has  been  found  impossible 
to  obtain  a  proteine  n-ee  from  sulphur  ;  for  if  the  operation  oe  con- 
tinued as  long  as  sulphur  is  found  in  the  precipitate,  the  result  is 
that  at  last  no  precipitate  at  all  will  be  obtained.  As  long  as  acetic 
acid  causes  a  precipitate,  that  precipitate  contains  sulphur.  Fifthly: 
the  presence  of  pnospborus  m  any  other  form  than  that  of  phos- 
phates, in  albummoiis  substances,  has  in  no  way  been  established. 
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and  Kems  in  the  highest  degree  doubtful.  Lutly:  the  best 
■nalyaes  we  have  render  it  very  questionable  whether,  in  reference 
to  carbon,  hydrogen,  nitrogen,  and  oxygen,  the  albuminous  bodies 
agree  so  closely  as  is  supposed  on  the  lueory  of  Mulder. 

Since,  then,  the  existence  of  proleine  has  not  been  demonstrated, 
tiiere  appears  no  good  reason  for  adoptJng  the  proteine  theory; 
and  we  shall  therefore  describe  the  albuminous  bodies  without 
farther  reference  to  it 

1 .  Vepetablt  Alliumen  has  only  been  studied  as  yet  in  ihe  coagu- 
lated or  insoluble  state.  It  occurs,  however,  dissolved,  or  in  the 
■olnble  form,  in  vegetables,  and  especially  in  the  oily  seeds,  along 
with  caseine.  ll  is  always  combined  with  alcali,  to  which  it  owes 
its  solubility.  Its  distinguishing  character  is  that  of  coagulating, 
or  becoming  insoluble  wnen  heated  to  from  140°  to  160°.  Once 
coagulated  it  no  longer  dissolves,  even  in  the  liquid  in  which  it 
formerly  quite  dissolved.  When  a  fresh  vegetable  juice  Is  filtered 
and  boiled,  it  yields  a  coagulum.  which  is  nearly  pure  slbtTmen. 
Its  solutions  are  also  coagulated  by  acids,  by  infusion  of  galls,  by 
creosote,  and  by  corrosive  sublimate.  When  dried  it  is  translucent. 
In  all  these  characters  it  agrees  with  animal  albumen.  Its  com- 
position, so  far  as  it  has  been  ascertained,  is  the  some  as  that  of 
animal  albumen  ;  but  the  true  formula,  even  of  the  latter,  is  un- 
known. We  shall  therefore  state,  under  Animal  Albttmen,  what 
is  the  result  of  the  best  analyses. 

2.  VtjKlable  Fibrine  is  the  essential  part  of  what  is  called  the 
^nten  of  wheat.  It  is  chiefly  found  in  the  seeds  of  the  etrtalia. 
When  wheat,  softened  in  water,  is  kneaded  under  water  in  linen 
bags,  to  obtain  the  starch,  and  the  residuary  masses  are  beat  up 
witn  rods,  the  pure  fibrine  adheres  in  elastic,  transparent  filamenU 
to  the  rods.  These,  after  being  treated  by  ether,  to  remove  fat  oil, 
are  pure  iibrine.  When  dried,  it  becomes  grayish  and  translucent, 
like  horn.  When  heated,  it  yields  the  usual  products  of  animal 
matters  ;  and  when  left  to  itself,  in  the  moist  state,  it  putrefies, 
disengaging  fetid  gases.  It  is  quite  insoluble  in  water.  Diluted 
phosphoric  and  acetic  acids  dissolve  it  easily  ;  these  solutions  are 
precipitated  by  ferrocyanide  of  potassium,  and  by  infusion  of  galls. 
Diluted  potash  also  dissolves  it ;  and  this  solution,  when  neutr^ized 
by  phosphoric  or  acetic  acid,  yields  a  precipitate  which  dissolves 
in  an  excess  of  either  of  these  acids,  (for  the  composition  of 
fibrine,  see  Ammal  Iibrine.) 

3.  VtgeUihle  Caseine.  Sym.  Legwnine,  —  Is  an  essential  part  of 
the  seeds  of  the  legvminoam,  and  also  of  the  oily  seeds.  It  is  only 
known  in  combiniition  with  acids  and  with  alcalies.  To  obtain  it, 
kidney-beans,  lentils,  or  peas,  are  softened  in  water,  then  brayed 
in  a  mortar,  the  pulp  mixed  with  much  cold  water,  and  strained 
through  a  fine  scive,  which  retains  the  husks  and  idlowa  the  cas- 
eins and  starch  to  pass,  the  former  dia»olved,  the  latter  Mupended. 
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On  standing,  the  starch  settles  to  the  bottom,  leaving  a  solaUon  of 
caseine  which  may  be  decanted.  It  is  sometimes  milky  if  much 
oil  be  present,  sometimes  clear.  When  exposed  to-  the  air,  it 
quickly  becomes  acid,  lactic  acid  being  formed,  and  coagulates 
exactly  as  skimmed  milk  does  when  it  becomes  sour.  The  solu- 
tion of  ciiseine  does  not  coagulate  by  heat,  but,  like  milk,  forms  a 
pellicle  which  is  Renewed  as  fast  asi  it  is  removed.  It  is  coagulated 
Dy  the  addition  of  an  acid,  and  the  coagulum  dissolves  in  an 
excess  of  all  vegetable  acids  except  acetic  acid,  which  produces  a 
permanent  precipitate,  as  do  the  mineral  acids.  This  precipitate 
IS  well  washed  with  cold  water,  alcohol,  and  ether,  dissolved  in 
hot  water  with  a  little  ammonia,  and  this  solution  is  precipitated 
by  alcohol.  It  still  contains  ammonia,  but  is  otherwise  nearly 
pure. 

In  this  state  it  is  like  paste  of  starch,  and  when  dried  it  is  nearly 
transnarent,  and  liquefies  when  heated.  In  water  it  softens  and 
this  paste  is  coagulated  by  acids,  corrosive  sublimate,  infusion  of 
galls,  and  creosote.  Caserne  is  very  soluble  in  tartaric  and  oxalic 
acids,  also  in  caustic  and  carbonated  alcalies  if  diluted.  The 
coagula,  or  precipitates  formed  by  mineral  acids  in  solutions  of 
caseine,  are  compounds  of  caseine  with  the  acid  :  they  are  soluble 
in  strong  acids.  For  the  composition  of  caseine,  the  reader  is 
referred  to  Animal  Caseine, 

4.  JEmulsine  or  Synaptase,  is  the  name  given  to  a  peculiar  com- 
pound of  this  class,  found  in  certain  oily  seeds,  as  in  almonds,  <&c. 
An  emulsion  of  these  seeds  is  very  like  milk.  On  standing,  the 
oil  rises,  like  cream,  to  the  top,  and  the  watery  liquid  is  now  coagu- 
lated by  acetic  acid,  as  milk  would  be.  It  coagulates  also  b3' 
boiling  ;  and  in  this  case,  the  whey,  separated  from  the  coagulum, 
again  coagulates  on  standing  twenty-four  hours,  and  is  found  to 
contain  lactic  acid.  The  emulsine  agrees  with  albumen,  in  being 
coagulated  by  heat,  and  with  caseine,  in  being  coagulated  by 
acetic  acid.  It  exerts  a  peculiar  decomposing  agency  on  amygda- 
line,  in  which  it  is  also  itself  decomposed. 

Fungine  is  the  substance  of  which  mushrooms  are  chiefly 
composed.     Its  true  nature  is  uncertain,  but  it  contains  nitrogen. 

Gliadine  is  the  name  given  to  the  viscid  ingredient  of  gluten. 
It  contains  sulphur,  and  approaches  in  composition  to  vegetable 
albumen.     It  is  probably  a  mixture. 

When  a  vegetable  juice,  containing  one  or  more  of  these  com- 
pounds along  with  sugar,  is  exposed  to  the  air,  oxygen  is  absorbed, 
and  a  change  is  commenced  in  the  albumen,  tibrine,  caseine, 
gluten,  <&:c.,  which  is  soon  communicated  to  the  sugar,  causing  it 
to  undergo  the  vinous  fermentation.  The  temperature  rises,  and 
occasionally  the  viscous  fermentation  takes  places,  producing  lactic 
acid,  gum,  and  mannite.  During  fermentation,  a  gray  deposit  is 
formed ;  thb  is  yeast  or  ferment.    When  the  whole  of  the  aiotiied 
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prineiplea  hare  not  been  decomposed  or  rendered  insoluble,  Oie 
liquid,  if  excluded  from  sir,  remains  without  farther  change  ;  but 
if  air  be  admitted,  the  alcohol  is  converted  into  acetic  acid,  oxygen 
being  absorbed  by  the  aioUied  matters,  the  contact  of  which 
causes  the  alcohol  also  to  absorb  oxy^n.  When  the  sugar  is  in 
excess,  only  |)art  of  it  is  converted  into  alcohol,  and  part  of  the 
asotized  matter  takes  the  form-of  ineolublo  yeast,  the  rest  being 
decomposed.  The  sacchnrine  and  spirituous  liqnid  undergoes  no 
fiirther  a!(«ration.  All  the  above  statements  apply  to  the  juice  of 
tiie  grape  and  to  the  formation  of  wines  and  vinegar. 

When  the  juice,  as  that  of  the  grape,  contains  tartaric  acid, 
ethers  are  formed,  which  give  the  liquid  a  peculiar  smell  and  fla- 
vor, such  as  cenanthie  ether,  which  is  ehnracteristic  of  all  wines. 
When  a  Juice  contains  sngar  and  caseine.  it  is  most  apt  to  undergo 
the  viscous  fermentation,  or,  at  legist,  the  caseine  favors  Ihe  pro- 
duction of  iactio  acid  from  the  sugar.  But  at  a  high  temperature, 
such  as  100°,  butyric  acid  is  formed,  instead  of  tactic  acid. 

Vegetable  fibrine,  as  it  is  found  in  wheat  flour,  is  subject  to  con- 
tinual alteraiion  by  contact  with  water ;  and  in  this  state  it  has 
the  singular  property  of  converting  starch  into  dextrine,  a  soluble 
gum,  and  then  into  sugar.  This  remarkable  power  is  best  seen  in 
germinating  grain,  as  m  malt,  of  which  a  small  part  mixed  with  a 
large  quantity  of  starch  in  a  thick  paste,  and  warmed  to  160"  or 
160°,  very  soon  renders  the  whole  quite  fluid  and  dissolved,  and 
finally  converts  it  into  grape  sugar.  That  part  of  the  fibrine  which 
acts  on  the  starch  has  become  soluble  m  water.  It  is  called 
diastase. 

Diastase  is  made  by  rubbing  up  malt  with  a  little  water,  express- 
ing the  mixture,  adding  just  enough  alcohol  to  separate  the  albu- 
men, and  to  allow  the  liquid  to  tilter.  The  filtered  liquid,  mixed 
with  more  alcohol,  deposits  the  diastase.  It  is  purified  by  being 
repeatedly  dissolved  m  water  and  precipitated  by  alcohol.  It  is 
finally  dried  at  a  temperature  of  100°  or  110°,  Thus  prepared, 
diastase  cannot  be  a  pure  compound,  bat  it  possesses  in  a  high 
degree  the  power  of  promoting  the  solution  of  starch,  that  is,  its 
conversion  into  dextrine  and  sugar.  One  part  of  diastase  can  eon- 
rert  into  dextrine,  wi^  a  little  su^ar,  no  ^as  than  2000  parts  of 
starch.  Diastase  is  evidently  fibnne  altered,  and  still  more  prone 
(o  change.  Its  soluUon  cannot  be  kept ;  it  becomes  acid,  and  loses 
its  action  on  starch. 

Malt  is  made  by  softening  barley  in  water,  and  then  exposing  it 
to  the  air  in  moderately  thick  layers,  at  a  moderate  temperature, 
turning  it  frequently.  In  abont  four  days  the  seeds  germinate,  if 
they  have  not  been  allowed  to  become  too  hot,  and  if  the  air  baa 
baa  free  access.  As  soon  as  the  germ  has  acquired  the  length  of 
the  seed,  the  operation  is  cfaecked  by  drying  the  seeds  in  a  current 
of  wann  air.    They  now  constitute  malt.    In  this  operation,  uneh 
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carbonio  acid  is  giren  off,  oxygen  being  no  doubt  absorbed  ;  the 
azotized  matter  in  the  seeds  has  undergone  a  change,  and  has 
acquired  the  properties  of  diastase ;  and  the  starch  has  in  part 
disappeared,  its  place  being  supplied  by  grape  sugar  and  dextrine. 

When  the  malt  is  infused  in  warm  water,  the  metamorphosis  of 
the  starch  is  completed,  and  the  whole  dextrine  passes  into  sugar, 
which  dissolves,  along  with  extractive  matter  and  salts.  The  solu- 
tion is  called  must.  When  sufficiently  concentrated,  hops  and 
yeast  are  added,  and  fermentation  being  carried  on,  the  result  is 
beer  or  ale,  according  to  the  strength  of  the  must.  When  the 
malt  has  been  in  part  roasted,  the  beer  becomes  very  dark  colored, 
iis  in  the  case  of  porter. 

To  obtain  grain  spirit,  the  meal,  either  of  barley,  oats,  or  rye, 
or  a  mixture,  is  digested  in  warm  water  along  with  1  part  of  malt 
for  4  of  meal,  till  the  mass,  at  first  thick,  becomes  fluid,  a  proof 
that  all  the  starch  has  been  metamorphosed.  Yeast  is  then  added, 
and,  after  fermentation,  the  must  or  wort  as  it  is  called,  is  distilled 
and  rectified.  Potato  spirit  is  obtained  in  the  same  way,  only 
using  potato  starch,  instead  of  barley  meal  or  rye  flour. 

Many  other  vegetable  matters,  and  many  fruits,  may  be  made 
to  yield  spirit,  malt  or  diastase  being  used  in  all  cases  where  starch 
is  to  be  converted  into  sugar. 

Potato  spirit  is  accompanied  by  the  hydrated  oxide  of  amyle,  or 
oil  of  potato  spirit:  grain  spirit  by  an  oily  matter,  consisting 
chiefly  of  margaric  and  oenanthic  acids,  probably  in  part  as  mar- 
garic  and  oenanthic  ether,  and  of  a  volatile  oil,  called  by  Mulder 
oleum  siticum,  that  is,  oil  of  grain.  Wine  spirit,  that  is,  brandy^ 
contains  cenanthic  ether,  and  the  spirit  of  molasses,  or  rum,  owes 
its  flavor  to  butyric  ether.  The  oils  which  conUiminate  potato  and 
grain  spirit  are  offensive  and  even  injurious  to  health  :  they  are 
included  by  the  Germans  under  the  general  term  Fuseloel. 

Panijication,  —  Bread  may  be  made  from  any  flour  containing, 
as  all  good  flour  does,  vegetable  fibrine,  sugar,  and  starch.  The 
flour  being  made  into  a  paste  with  warm  water,  and  yeast  being 
added,  it  is  set  aside  in  a  warm  place.  After  a  time,  more  flour  is 
kneaded  into  the  mass,  which  has  begun  to  rise,  and  the  whole  is 
now  heated  in  the  oven,  or  baked.  The  yeast  induces  the  vinous 
fermentation  in  the  sugar  of  the  flour,  and  the  alcohol  and  car* 
bonic  acid  escaping,  raise  the  bread  and  render  it  porous.  The 
starch  in  general  is  little  changed,  but  the  sugar  disappears,  as 
well  as  a  part  of  the  gluten  or  fibrine.  To  avoid  this  loss,  bread 
is  now  raised  by  means  of  carbonate  of  soda  or  ammonia  and  a 
diluted  acid,  which  are  added  to  the  dough,  and  the  effect  is  per- 
fectly satisfactory.  Equally  good  or  better  bread  is  obtained,  and 
the  quantity  of  flour  which  will  yield  1500  loaves  by  fermentation, 
furnishes  1600  by  the  new  method,  the  sugar  and  fibrine  being 
saved. 
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The  mddUion  of  a  UttJe  Blum  to  the  doogli  is  vsefh}  in  KiresU 
ing  that  decomposition  in  the  flour  which  ii  apt  to  occur  if  it  have 
heen  kept  in  a  moiat  plac«.  Too  mncK  alum  cannot  be  mtro- 
duced,  as  it  would  preventthe  fennentalion. 

The  nntiitive  propertiM  (oaing  the  word  in  its  itnct  aense)  of 
different  Idndi  of  flour  or  neal  are  directly  proportional  to  the 
fibrine  or  albumen  they  ooiUain  i  beeauie  it  la  uieM  nbBtancea 
alone  which  can  be  converted  into  blood  or  fleah.  Hence  a  work- 
ing man  require*  more  oat  bread  than  wheat  bread  to  restore  tho 
doily  waste  of  the  body,  oatmeal  containing  rather  less  fibrine,  ice. 
than  wheat  floar.  The  atarch  is  consumed  in  the  body,  up  to  a 
certain  point,  but  beyond  this  il  is  discharged  in  the  excrements. 
We  shall  Bee  hereafter  what  ita  function  probably  Is.  Even  the 
best  wheat  flour  contains  more  starch  than  is  consumed;  and  the 
excesa  ia  greater  in  other  graiaa. 

In  germination,  the  ozotized  principles  of  th.e  ateds  become 
•olublc  and  prone  to  further  chivnge.  Wben  now  dissolved,  they 
are  in  the  same  state  as  those  of  the  grape  juice  which  at  once 
cunae  fermentation  when  nir  is  admitted.  Diastase  is  merely 
gluten,  that  ia,  fibrine,  in  thia  soluble  form  or  period  of  change- 
When  left  in  water,  gluten  swells,  putrefies,  and  disengages 
carbonic  acid,  hydrogen,  and  sulphuretted  hydrogen  gases :  it  then 
becomes  fluid  and  ropy,  the  water  becomes  very  acid,  and  contains 
a  peculiar  compound  called  caseous  oxide,  with  acetate,  phoBphnte, 
and  caaeate  of  ammonia.  When  vegetable  eoaeine  putrefiea,  it 
gives  out  the  odor  of  putrid  cheese,  and  yielda  sulphuretted 
hydrogen  g». 

Ftrmtyd,  YeaH,  Lm»  of  Wine.  —  These  are  names  given  to  the 
deposit  formed  in  fermenting  liquids,  which  possess  the  property 
of  exciting  fermentation  in  must,  wort,  grape  juice,  infusion  of 
mult,  or  solution  of  sugar.  When  aoluttoD  of  sugar  is  employed 
in  exeesB,  the  ferment  gradually  diminishes,  till  about  16  per  cent, 
are  left,  of  a  auhatanca  containing  no  nitragco,  wd  inaoluble. 
Thia  is  cellulose,  or  hordctne.  On  the  otAer  band,  ia  grape  juice, 
or  infiision  of  malt,  tlie  ferment  is  reproduoed  fircnn  the  osolized 
principles  present. 

Mulder  and  Schlossbei^cr  have  shown  that  ferment  ia  composed 
of  regular  cells,  formed  of  cellulose,  and  contiuniog  an  asotiied 
matter,  very  easily  decomposed,  which  is  an  albuminous  com^und. 
This  body  rapidly  decomposes  the  deutoxide  and  peraulphide  of 
hydrogen,  but  loses  this  property  after  it  has  been  heat«d  to  S12°. 
Mulder  thinks  that,  after  boiling,  it  ia  a  superoxide  of  proteine- 

The  power  of  yeast  or  ferment  to  act  on  sugar  ia  destroyed  by 
boiling  water,  by  absolute  alcohol,  by  pyrollgneoua  acid,  salts  of 
mercury,  essential  oils,  sulphurous  acia,  &o. 

Oaseous  oxide,  casdc  aoid,  or  aposepidiiie,  are  names  given  to 
the  crystalline  compound  formed  daring  the  pnl(efaotio&  of  gluten 
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under  water.    It  contains  nitrogen,  but  its  formula  is  unknown. 
It  is  soluble  in  water,  insoluble  in  alcohol. 

We  now  proceed  to  the  consideration  of  the  parallel  compounds, 
animal  albumen,  fibrine,  and  caseine. 

5.  Animal  Albumen  is  hardly  known  ia  a  state  of  purity.  The 
purest  appears  to  be  that  prepared  by  exactly  neutralizing  serum 
of  blood  or  white  of  egg  with  acetic  acid,  and  adding  a  large  quan- 
tity of  water.  The  albumen  separates  in  translucent  flocculent 
masses,  which,  when  washed  with  water,  assume  the  aspect  of 
paste. —  (Denis).  Albumen  is  best  known  in  the  form  of  the  serunoi 
of  the  blood  and  that  of  white  of  egg. 

Serum  of  blood,  dried  in  a  very  gentle  heat,  leaves  a  translucent 
mass,  which  dissolves  completely  by  digestion  with  water.  Both 
in  this  form,  and  in  the  preceding,  it  dissolves  far  more  easily  in 
the  most  diluted  alcalinc  solutions. 

White  of  egg.  consists  of  very  delicate  cells,  filled  with  a  ropy 
liquid.  By  beating  with  water,  the  cells  are  broken,  and  are 
afterward  deposited,  being  insoluble.  Dried  at  a  gentle  heat^ 
white  of  egff  is  yellow,  translucent,  and  brittle.  In  water  it  again 
softens  into  its  original  state.  When  calcined,  it  leaves  6  or  7  per 
cent,  of  salts,  commmon  salt,  carbonate,  phosphate  and  sulphate 
of  soda,  and  phosphate  of  lime. 

The  action  of  heat  on  albumen  is  remarkable.  When  heated 
alone,  or  after  dilution  with  water,  to  between  146^  and  165^»  it 
coagulates  into  the  well-known  white  elastic  mass,  which,  when 
dried,  becomes  yellow,  horny,  and  brittle.  It  is  now  quite  insolu- 
ble in  water  ;  but  if,  after  being  coagulated  and  dried,  it  is  placed 
in  water,  it  swells  up  into  the  original  elastic  mass  of  coagulated 
albumen. 

The  albumen  prepared  by  the  process  of  Denis  dissolves  readily 
not  only  in  acids  and  alcalies,  but  also  in  neutral  salts,  such  as 
nitrate  or  sulphate  of  potash  or  soda.  It  is  owing  to  the  presence 
of  such  salts  m  semm  and  white  of  egg  that  their  albumen  is  solu- 
ble in  waten  When  the  pure  albumen  of  Denis  is  dissolved 
in  solution  of  nitre,  it  is  coagulated  by  boiling,  exactly  like 
serum. 

Solutions  of  albumen  are  coagulated  by  acids  ;  the  addition  of 
free  alcalies  prevents  even  the  action  of  heat.  Serum  and  white 
of  eggy  when  mixed  with  water,  being  both  alcaline,  may  be  neu- 
tralized carefully  by  acids,  without  coagulation.  Acid  solationa 
of  albumen  are  precipitated  by  corrosive  sublimate  and  ferrocyan- 
ide  of  potassium,  by  infusion  of  galls,  by  creosote,  and  by  alcohol. 
The  real  difference  between  soluble  and  insoluble  or  coagulated 
albumen  is  not  yet  known. 

When  albumen  putrefies,  it*yields  sulphide  of  ammonium,  sul- 
phuretted hydrogen,  and  other  products.  When  heated,  it  bums 
with  the  odor  of  burnt  horn  or  animal  matter. 


The  compoeddon  of  Blbnmen  is  not  ^et  aaoertained  with  niffi* 
cient  precision  to  enable  ns  to  deduce  its  formula  from  the  analysis 
alone.  The  following  table  contains  a  few  of  the  best  analyses  of 
the  albumen  of  eggs : —    v 

HiMift       BAbho'.       BflUnc.  TudalL 

Carbon M-OM      JB-OOO      6191        ' ' • 

Hydrogen 7-M»  7078         7IS 

Nitrogen ]fi-S50  15-920 

Oxygen     ....-,,  33-167  C 

Phosphorus 00330  {  22007 

Sulphur 00-667  (                  1-717          2-164         2-054 

A  glance  at  these  nombers  is  sufficient  to  show  that  the  agree- 
ment is  not  such  as  to  enable  us  to  fix  a  formula,  and  more  espe- 
cially such  a  formula  as  that  of  Mulder,  cont^ning  10  eq.  of  pro- 
teine,  that  is,  400  oq.  of  carbon,  310  of  hydrogen,  60  of  nitrogen, 
and  120  of  oiygen.  A  very  trifling  varialian  in  the  carbon,  for 
example,  makes  a  difference  of  SO,  30,  or  more  atoms  in  the  de- 
duced formula,  and  the  above  analyees  exhibit  a  variation  of  3 
giT  cent  in  the  carbon.  Again,  the  sulphur  in  the  analyses  of 
iiling  and  Verdeil  amounts  to  more  than  3  tiroes  the  quantity 
obtained  by  Mulder,  who  admits  one  eq.  of  eulphur  in  egg-albu- 
men. The  presence  of  phosphorus,  as  admitted  by  Mulder,  bas 
not  been  proved  ;  and  lastly,  the  most  recent  analyses  indicala 
from  16  to  17  per  cenL  of  nitrogen. 

It  is  clear,  therefore,  that  ne  cannot  hope  to  fix  the  formula  of 
albumen  by  mere  analysis,  at  least  for  the  present ;  and  the  only 
method  which  promises  better  results,  is  the  study  of  the  products 
of  its  decomposition.  In  the  case  of  gelatine  and  caseine,  a  begin- 
ning, as  we  shall  see,  has  been  made,  and  it  is  more  than  prob- 
able that  albumen  will  yield  similar  results. 

6.  Animal  Fibritu  ia  found  in  blood,  chyle,  and  lymph  dissolved, 
and  forms  the  chief  part  of  the  muscles.  It  maj  be  obtained  by 
whipping  up  blood  with  rods,  when  it  adherM  to  Iba  rods,  and  is 
finally  purified  by  kneading  with  water  to  remove  colorinK  matter, 
and  by  di^estioa  with  alcohol  and  ether,  which  dfsaolve  mtty  sub- 
stances. When  dry  it  ia  somewhat  similar  to  albumen,  and  when 
healed  bums  with  the  same  emell,  leaving  from  Q-I~  to  2-55  per 
cent,  of  ashes,  phosphates  of  lime  and  magnesia.  Recent  fibnne 
loses,  in  vacuo,  about  80  per  cenL  of  water,  the  greater  part  of 
which  it  again  takes  np  when  placed  in  water.  When  long  boiled 
with  water,  it  slowly  dissolves ;  and  when  left  long,  that  ia,  for 
some  months,  under  water,  it  gradually  disappears. 

The  fibnne  of  venous  blood  dissolves,  at  a  gentle  heat,  in  solu- 
tions of  acetate  of  soda,  sal  ammoniac,  and  nitre.  These  solutiona 
are  coagulated  by  heat,  and  exhibit  the  properties  of  dissolved 
albumen.  Muscular  fibrine  may  also  be  thus  dissolved  ;  but 
neither  arterial  fibrine,  nor  ihe  fibrine  of  the  buffy  coat,  caa 
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undergo  this  change.  Venous  fibrine  loses  this  property  bj  ex- 
posure to  the  air,  when  it  absorbs  oxygen  and  ^ves  off  carbonie 
acid.  Fresh  tibrine  rapidly  decomposes  deutoxtde  of  hydrogen ; 
but  boiling  water  or  alcohol  deprive  it  of  this  property. 

The  most  striking  character  of  fibciiia  is  its  spontaneous  coagu- 
lation, as  in  the  blood  ;  which  is  also  seen  in  vegetable  fibrine  in 
some  juices.  In  regard  to  acids  and  alcalies,  fibrine  acts  like 
albumen. 

The  composition  of  fibrine  approaches  closely  to  that  of  albumen, 
and  the  best  analyses  do  not  admit  of  being  reduced  to  a  formula 
at  present.  We  may  hope  for  a  better  result  when  the  products 
of  its  decomposition  shall  have  been  minutely  studied. 

7.  Animal  Gaseine  is  chiefly  found  in  milk.  It  is  not  known  in 
a  state  of  purity,  but  only  combined  with  bases  or  acids,  for  both 
of  which  it  has  a  powerful  attraction.  Uncombined  caseine  is  in- 
soluble :  in  milk  it  is  dissolved  by  virtue  of  the  potash  which  ren- 
ders that  fluid  alcaline.  If  carefully  neutralized  by  an  acid,  milk 
is  not  coagulated,  but  it  is  then  coagulated  by  boiling.  The  coac^ 
ulum  or  curd  formed  by  excess  of  acids  is  very  soluble  in  oxalic 
and  tartaric  acids,  sparingly  so  in  the  mineral  acids.  This  coagulum 
contains,  along  with  caseine,  a  good  deal  of  the  acid  employed. 

The  coagulum  caused  in  milk  by  alcohol,  yields,  when  burned, 
10  per  cent  of  ashes,  chiefly  phosphate  of  lime.  What  is  called 
soluble  caseine  is  a  compound  containing  much  potash.  With 
lime,  baryta,  <&c.,  caseine  forms  insoluble  compounds. 

The  composition  of  caseine  is  not  accurately  known,  as  the  body 
known  uncfer  that  name  contains  6*5  per  cent,  of  ashes.  But  in 
regard  to  the  other  elements,  it  agrees  pretty  nearly  with  albumen 
and  fibrine,  the  existing  analyses  exhibiting  the  same  variations. 
It  certainly  contains  less  sulphur  than  albumen  or  fibrine ;  for  while 
albumen  contains  from  1*7  to  2  per  cent.,  and  fibrine  from  1-3  to 
1*6  per  cent,  caaeine  appears  to  contain  no  more  than  from  0-86 
to  1  '0  per  cent  of  sulphur. 

As  in  the  ease  of  the  two  preceding  compounds,  so  also  in  this, 
no  formula  ean  salSsly  be  deduced  from  the  analyses.  But  the 
study  of  the  products  of  decomposition  of  caseine,  which  bas  been 
commenced,  promises  to  lead  to  better  results. 

Schlossberger  has  succeeded  in  resolving  caseine  into  two  nitro- 
genized  bodies,  one  of  which  contains  all  the  sulphur,  the  other 
none.  Liebig  has  discovered  that  when  caseine  is  melted  with 
caustic  potash  till  hydrogen  gas  begins  to  escape  along  with 
ammonia,  the  residue  dissolved  in  water,  and  mixed  with  acetie 
acid,  deposits  a  crystalline  compound,  tyrosine,  CwNHt  Os, 
which  merits  a  detailed  investigation.  The  mother  liquid,  when 
farther  concentrated,  yields  leucine,  a  body  already  known  as 
a  product  of  the  action  of  potash  on  gelatine.  Its  formtOa  is 
OisNHuOi. 
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Moreover,  if  the  original  fused  mass  be  miperMtimted  with 
UrUrie  »cid,  aod  diitilied,  it  yields  Talerianic  acid  ;  and  if  the 
heat  has  been  longer  continued,  butyric  acid  also  is  obtained. 
The  origin  of  the  valerianio  acid  is  obviously  the  action  of  potash 
on  leucine  previously  formed. 

CiiNHii04  +  3fK0,H0)  =  KO.CioH.  0»  +  NHj 

Uadu.  VilaitoDU*  or  potMb. 

+  2(KO,CO»)  +  H.. 
Leucine  conlaioe,  exceptbg  I  eq.  of  hydrogen  which  is  wanting, 
the  elements  of  a  compound  of  I  eq.  cyanic  acid,  1  eq.  oxide  of 
ftmyle,  and  2  eq.  of  water: 

Cii  N  Hu  O*  +  H  =  Ci  NO  +  C» Hii  O  +  2  H  O. 
But  when  hydrat«d  cyanic  acid  is  made  to  act  on  hydrated  oxide 
of  amytc,  it  yields  a  compound  which,  although  very  similar  to 
leucine,  is  yet  quite  distinct,  being  the  allophanate  of  oxide  of 
amyle,  analogous  to  the  allophuiate  of  oxide  of  ethyle.  Its  form- 
nlais, 

CuNiHuOg  =  CidHiiO  +  Ct  Ni  H*  Oi 


AccvdinfT  to  Bopp,  csaeine,  when  act«d  on  by  hydroohlorio 
acid,  yields  products,  among  which  are  found,  in  lat^  proportion, 
^osine  and  leucine.  It  has  long  been  known  that  albuminous 
bodies  yield  lendne,  when  acted  on  by  sulphuric  acid.  It  appears, 
therefore,  that  these  compounds  have  a  tendency  to  yield  definite 
and  crystalliae  products,  the  study  of  which  offers  the  best  method 
of  ascertaining  thur  formnlee. 

It  has  also  been  found  that  caseine,  when  oxidized  by  certain 
methods,  yields  the  same  Taried  products  as  gelatine.  {See 
Oelalint.) 

In  the  spontaneous  decomposition  of  caseine  we  agtun  meet 
with  valerianic  acid,  along  with  butyric  acid  and  the  other  volatile 
chIt  acids. 

Milk,  or  any  other  solution  of  caseine,  when  evaporated  in  the 
air,  forms  a  pellicle,  which  is  renewed  as  fast  as  it  is  removed. 
This  is  insoluble,  and  yields  ashes  contuning  lime  and  phosphate 
of  lime. 

Milk  may  be  analyzed  by  drying  it  up  in  vacuo,  dissolving  the 
butter  by  a  mixtore  of  ether  and  alcohol,  and  the  sugar  of  milk 
and  salts  by  cold  water.  The  caseine  remains  in  this  way  nndis- 
solved,  the  salts  havfaig  been  first  removed. 

When  exposed  to  the  air,  milk  undergoes  a  peenhor  change. 
The  caseine  enters  into  decnnpaaition,  and  this  deconporition 
passes  to  the  sugar  of  milk,  which  yields  a  little  htotio  aad,  and 
this  causes  the  coaeina  sot  yet  decomposed  to  eognhitg.     Bii> 
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tlie  decomposition  continues ;  the  suo;nr  of  milk  is  at  last  entirely 
converted  into  lactic  acid;  mannite,  and  gum  ;  and  if  the  acid  he 
neutralized,  and  fresh  su^ar  added,  it  will  undergo  the  same 
change  as  long  as  any  caserne  remains.  This  is  the  method  fol- 
lowed for  obtiiining  lactic  and  lact^ites.  The  coagulum  separated 
from  the  whey  when  tirst  formed,  and  pressed  out,  forms  cheese. 
In  making  the  better  kinds  of  cheese,  the  milk,  instead  of  being 
allowed  to  coagulate  spontaneously,  is  coagulated  by  contact  with 
water,  in  which  part  of  the  lining  membrane  of  a  stomach  has 
been  infused.  This  infusion  is  called  rennet,  and  it  acts  b\r  virtae 
of  containing  albumen  or  gelatine  in  a  dtate  of  decompositioD, 
which  is  at  once  communicated  to  the  sugar. 

When  milk  spontaneously  coagulated,  is  exposed  to  a  heat  of 
from  75°  to  86°,  without  any  addition,  the  sugar  of  milk  passes 
into  grape  sugar,  and  vinous  fermentation  ensues.  The  fer- 
mented milk,  distilled,  yields  a  spirit  containing  traces  of  butyric 
ether. 

If  sugar  is  made  to  ferment  with  caseine  at  about  100°,  carbonie 
acid  and  hydrogen  gases  are  disengaged,  and  butyric  acid  is 
formed  in  a  large  quantity. 

The  chief  mineral  substances  in  milk  are  potash  and  phosphate 
of  lime,  which  are  found  in  its  ashes.  The  ashes  also  contain  sul- 
phates, although  milk  does  not.  The  sulphuric  acid  in  the  ashes 
is  derived  from  the  oxidation  of  the  sulphur  of  the  caseine. 

The  proportions  of  water,  caseine,  sugar  of  milk,  butter,  and 
salts,  are  very  variable  in  milk.  It  generally  contains  about  86 
per  cent  of  water,  4  to  7  of  caseine,  3-6  to  6*6  of  butter,  and  3  to 
6*6  of  sugar  of  milk  and  salts.  For  the  best  method  of  analyang 
milk,  proposed  by  Haidlen,  I  must  refer  to  the  "Annalen  der 
Chemie  und  Pharmacie,"  xlv.,  274.  By  this  method  Haidlen 
obtained  as  follows : 

From  Cow's  Milk.  Ilamaa  llllk.  Bo>. 

Butter     ....                   .3  3*4  1-3 

Sugar  of  Milk,  and  nits  Bolable  in  alcohol  .            4*6  4-3  3-3 

Caseine  and  insoluble  salts           .                            5*1  3*1  9-7 

Water    ....                             873  89-2  9M 
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The  colostrum,  or  milk  given  immediately  after  partaritiaii, 
differs  from  normal  milk  in  containing  1 5  to  26  per  cent,  of  albu- 
men, with  less  caseine,  butter,  and  sugar  of  milk. 

The  milk  of  bitche's,  according  to  bimon,  contains  from  1 4*6  to 
17'4  of  caseine,  16-2  to  13'3  of  butter,  and  no  sugar. 

Cheese  is  caseine  in  a  state  of  incipient  or  progressive  decompo* 
sition  or  putrefaction.  In  the  finer  kinds  of  cheese,  there  is  a 
large  proportion  of  butter,  and  to  the  volatile  acids  of  the  batter 
may  be  ascribed  the  flavor  of  cheese.  Some  kinds  of  nhiuni 
are  full  of  what  are  called  eyes,  that  is,  hollows,  cansed  by  As 
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formation  of  babbles  of  Basfandin  theseboliowa  a  liquid  is  some- 
times found,  containing  Kee  ammonia,  a  product  of  decomposition, 
which  {^atlf  higbtens  the  flavor.  WheD  the  bine  mould  appears 
in  cbeese,  il  is  in  a  state  of  rnpid  decay  or  eremacausis,  ana  much 
ammonia  is  giren  off.  Little  is  yet  known  of  tlie  cbemical  differ- 
ences in  the  malting  of  different  kinds  of  cheese.  The  richest  are 
made  almost  entirely  from  cream,  as  Stilton  and  Parmesan. 
Others,  as  GmySre,  Gloucester,  Cheshire,  and  Dutch  cheese,  are 
made  with  fresh  uuoreamed  milk,  or  mixtures  of  tliis  with  cream  ; 
and  more  or  less  salt  is  used,  as  well  as  different  methods  of  coagu- 
UUng,  in  different  places. 

Animtd  Mucus  is  somewhat  analogous  to  albumen,  when  dry. 
In  wftter,  it  softens  and  swells,  like  tragacanth.  It  is  precipitated 
by  picric  acid.     It  contains  sulphur. 

8.  Jfwny  Matter,  —  This  name  may  be  given  to  the  subsCance 
of  which  the  epidermis,  hair,  wool,  silk,  feathers,  nails,  claws,  hoofs, 
horn,  shell,  and  probably  also  sponge,  are  composed.  All  these 
substances  dissolve  in  potash. lye  wnen  hented  with  it,  giving  off 
ammonia,  and  forming  a  solution  from  which,  by  ncutralliation 
with  acetic  acid,  a,  white  gelatinous  matter  is  precipitated.  (See 
Proteint.).  They  all  contain  sulphur.  SpoDg«  leaves  3^  percent. 
of  ashes,  among  which  is  found  iodide  of  potassium.  All  the 
above  substances,  when  heated  or  burned,  give  out  the  same  pecu- 
liar and  well  known  smeU,  known  as  that  of  burnt  feathers. 

OILATIOEHOUS    TISSUBS. 

Under  this  head  we  place  several  tissues  which  yield  to  boiling 
water  a  substance  which  on  cooling  forms  a  jelly,  or  may  be 
called  gelatine.  They  are  chieffy  found  in  the  cellular  membrane, 
the  skin,  the  membranes  in  general,  the  tendons,  ligaments,  bones, 
cartilages,  dec. 

The  cellular  tissue  and  the  membranes  are  chiefly  formed  of  gela- 
tinous matter,  which  is  insoluble  in  cold  water  and  acids.  It 
combines  with  salts,  as  corrosive  sublimate,  persulphate  of  iron  and 
alum,  forming  insoluble  compounds  which  do  not  putrefy,  as 
gelatine  itself  so  readily  does. 

The  gelatine  of  the  skin,  when  moist,  combines  with  tannic  acid, 
if  Btee]Kd  in  a  solution  of  that  acid,  and  is  converted  into  leather. 
While  the  true  skin  is  gelatinous,  the  epidermis  is  more  allied 
to  bom. 

Cbondrinc  is  the  name  giren  to  the  gelatine  of  the  cartilages. 

GeUdne  or  glue  is  that  ^ven  to  the  gelatine  of  the  bones  and 
hoo&,  skins,  Ac.  of  animals.  Isinglass  is  made  firom  the  air- 
bladder  of  fishes,  and  isnearW  pure  gelatine. 

1  part  of  pure  gebttine,  dissolvea  in  100  of  bot  water,  forms  a 
jellj  on  coolmg.  A  solution  of  isiDgkss  ia  completely  precipitated 
by  infusion  of  nut-gsils. 
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ChondriDG  and  gelatine,  in  solution,  are  distinguished  by  acidf, 
alum,  and  salts  of  lead,  which  precipitate  chondrine  but  not 
gelatine.  In  regard  to  other  tests,,  they  agree.  jVitt  ^^  either 
may  be  detected  by  tannic  acid. 

By  the  action  of  chlorine  on  gelatine,  there  is  formed  what  is 
called  chlorite  of  gelatine,  consisting,  according  to  Mulder,  of 
chlorous  acid  and  gelatine. 

By  the  action  of  potash,  gelatine  is  converted  into  sugar  of  gela- 
tine, or  glycocoll,  a  substance  already  described  as  an  artilicial 
base,  or  into  a  mixture  of  sugar  of  gelatine  and  leucine. 

The  composition  of  gelatine  is  not  more  accurately  known  than 
that  of  the  albuminous  substances  already  mentioned.  It 
approaches  to  them  in  composition,  but,  so  far  as  we  know,  it  can- 
not pass  into  albumen,  iibrine,  or  caseine,  as  these  bodies  can  pass 
into  each  other,  and  even  into  gelatine.  Hence  it  is  not  fitted  for 
the  formation  of  blood,  and  cannot  be  called  strictly  nutritious. 

When  gelatine  is  oxidized  by  means  of  bichromate  of  potash 
and  sulphuric  acid,  it  yields,  according  to  Schlieper,  the  following 
products :  1.  hydrocyanic  acid ;  2.  acetic  acid ;  3.  valerianic  acid  ; 
4.  benzoic  acid ;  6.  a  new  oil,  valeronitrile  ;  6.  another  new  oil, 
valeracetonitrile  ;  and  7.  a  heavy  oil,  with  an  odor  of  cinnamon « 
not  fully  studied.     Marchand  obtained  also  hyduret  of  bensoyle. 

Valeronitrile,  Cio  Hs  N,  corresponds  to  benzonitrile,  a  compound 
recently  discovered  among  the  products  of  the  action  of  heat  on 
benzoate  of  ammonia ;  and  may  be  derived  from  valerianate  of 
ammonia,  as  follows  : 

CioH»03,NH3,HO  =  4HO-f  CioH»N. 

Valerianate  of  ammonia.  Valeronitrile. 

When  acted  on  by  alcalies,  it  takes  up  water,  and  is  again  con- 
verted into  valerianic  acid  and  ammonia. 

Valeracetonitrile,  Ci6H24Na  Oe,  contains  the  elements  in  2  eq. 
of  4  eq.  valeronitrile,  and  3  eq.  hydrated  acetic  acid.  It  is 
resolved  by  alcalies,  water  being  taken  np,  into  ammonia,  which 
escapes,  and  acetic  and  valerianic  acids. 

It  is  obvious  that  the  full  investigation  of  the  products  of  decom- 
position of  gelatine  will  ultimately  lead  us  to  its  true  formula. 

Bone,  —  The  gelatine  and  other  animal  matters  in  healthy  bone 
constitute  from  37*5  to  44  per  cent. ;  the  rest  is  earthy  matter.  Ii^ 
rickets  and  mollities  ossium,  the  cartilaginous  matter  amounts  to 
from  63  or  70  to  80  per  cent.,  and  the  phosphate  of  lime  is  dimin- 
ished in  proportion,  not  exceeding,  in  some  cases,  12  or  13  per  cent. 

The  proportions  of  gelatine  and  earthy  matter  vary  in  different 
animal  species. 

The  earthy  ingredients  of  bone  are,  phosphate  of  lime^  car- 
bonate of  lime»  fluoride  of  calcium,  phosphate  of  magnesia^  with 
small  quantities  of  common  salt,  soda,  &c. 
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Bone  or  ivory-USjok,  obtuned  by  calciuing  booes  in  retorts,  con- 
tains all  the  eaiwy  and  saline  matters,  with  a  large  proportion  of 
charcoal  intimately  mixed  with  them.  It  probably  contains  nitro- 
gen.    Qu  f  as  paracyanogen  or  mellone  ? 


This  uiiaal  fluid,  collected  from  the  liver  in  the  gall-bladder, 
is  slightly  alcaline,  and  has  a  viscid,  oily  consistence.  It  has, 
when  fresh,  a  golden-yellow  color  with  a  tinge  of  green,  and 
becomes  darker  when  exposed  to  the  air.  Its  taste  is  bitter  and 
persistent,  with  a  sweetish  after-tsste.  It  is  perfectly  miscible  with 
water,  and  its  aqueous  solution  froths  like  solution  of  soap. 

When  dried  in  the  vapor  bath,  bile  leaves  a  yellow  mass,  which 
dissolves  in  alcohol,  leaving  undissolved  a  little  mucus.  The 
alcoholic  solution  b  deep  green,  but  may  be  decolotiied  either  by 
animal  charcoal,  or  by  the  caatious  addition  of  baryta,  which  fbnna 
an  insoluble  compouad  with  the  coloring  matter.  The  decolorized 
alcoholic  solution  of  bile  still  contains  cholesterine,  which  is 
separated  by  adding  ether,  till  tlie  solution  becomes  slighUy  tur- 
bid :  on  standing,  pure  bile  is  deposited  in  crystals,  the  formula 
of  wbichisNa0  4-C«H«NaO..  — {r<rd«/.) 

The  solution  of  bile  is  precipitated  by  neutru  acetate  of  lead, 
but  the  liquid  becomes  acid.  If  the  &ee  acid  be  neulraliied,  ace- 
tate of  lead  produces  a  fresh  precipitate,  the  liquid  again  becom- 
ing acid.  Tribasic  subacetate  of  lead  precipitates  at  once  the 
whole  of  the  organic  matter  of  the  bile,  but  an  excess  of  the  pre- 
cipitant is  apt  to  redissolve  a  part  of  the  precipitate,  which  is  also 
soluble  in  alcohol.  Mineral  acids  cause  a  resinoid  preci|»tate  in 
solution  of  bile. 

Bile  in  solution  may  be  recognized  by  the  property  of  striking 
a  purple  color  with  solution  of  sugar  and  sulphunc  acid. 

Purified  bile,  when  calcined,  leaves  a  white  ash,  composed 
chiefly  of  carbonate  of  soda,  with  traces  of  phosphate  of  soda  and 
common  salL  The  ash  amounts  to  12  per  cent.,  of  which  upward 
of  1 1  consist  of  carbonate  of  soda. 

It  is,  therefore,  evident  that  bile  is  composed  of  soda  united  to 
an  organic  compound,  having  the  characters  of  an  acid,  although 
a  feeble  one,  and  in  some  respects  analogous  to  the  fatty  and  resin- 
ous acids.  This  compound,  which  is  the  whole  organic  or  com- 
bustible part  of  the  bile,  is  called  choleic  or  bilic  acid,  and  bile  is 
the  choleate  of  soda. 

Choleic  acid  is  best  prepared  by  making  an  alcoholic  solution  of 
8  parts  of  pure  bile,  and  dissolving,  with  the  aid  of  heat,  in  this, 
1  part  of  effloresced  (monohyd rated)  oxalic  acid.  The  oxalate  of 
soda  separates  in  crystals.  The  filtered  liquid,  diluted  with  a  little 
water,  13  digested  with  carbonate  of  lead,  till  all  oxalic  acid  is  re- 
moved,   ^y  lead  that  may  be  dissolred  is  separated  bj  Bolphnr- 
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etted  hydrogen,  and  the  filtered  solution  evaponUed  in  the  water 
heat.  Choleic  acid  raay  also  be  obtained  by  tlie  action  of  drj 
hydrochloric  acid  gas  on  a  solution  of  pure  bile  in  absolute  alcohol, 
and  by  several  other  processes,  of  which  one  may  be  noticed. 
Pure  bile  is  precipitated  by  subacetate  of  lead,  and  the  precipitate 
brought  with  water  to  the  boiling  point.  Sulphuric  acid  is  now 
added,  drop  by  drop,  until  the  precipitate  has  lost  its  peculiar  con- 
sistence. The  liquid  is  then  filtered,  and  any  dissolved  lead  sepa- 
rated by  sulphuretted  hydrogen. 

To  purify  choleic  acid  it  is  dissolved  in  a  very  small  qnandty  of 
alcohol,  and  precipitated  by  ether,  which  retains  in  solution  fattj 
matters.  The  probable  formula  of  choleic  acid  is  Cu  H«r  N  S  0« , 
HO  =  C44H4iNSOio. 

When  dried  in  the  water-bath,  or  in  vacuo,  over  sulphuric  acid, 
choleic  acid,  if  prepared  from  decolorized  bile,  is  colorless,  or 
nearly  so,  and  has  the  aspect  of  gum.  It  is  resinous  and  friable 
when  dry,  but  its  powder  attracts  moisture  strongly,  and  becomes 
agglomerated  together.  Its  solution  is  distinctly  acid  to  test  paper. 
Tne  addition  of  mineral  acids  causes  a  separation  of  choleic  acid 
in  oily  drops,  which  are  soluble  in  pure  water. 

Pure  choleic  acid,  when  heatea  on  platinum  foil,  bums  with 
flame,  leaving  a  voluminous  coal  which  finally  bums  away  without 
residue  of  ashes.  When  choleic  acid  leaves  an  alcaline  ash,  it  is 
because  it  contains  undecomposed  bile,  choleate  of  soda ;  in  fact, 
it  may  be  called  acid  choleate  of  soda,  a  substance  which  has 
been  described  as  a  distinct  ingredient  of  the  bile  by  several 
chemists. 

Numerous  analyses  of  pure  bile  (deducting  the  ashes)  and  all 
choleic  acid,  both  prepared  in  many  different  ways,  by  different 
chemists,  as  Demarcay,  Theyer  and  Schlosser,  Kemp,  Enderlin, 
Verdeil,  and  others,  agree  so  well  together,  that  no  doubt  can  be 
entertained  in  regard  to  this  point,  that  the  bilic  or  choleic  acid  of 
ox  bile  is  a  substance  of  uniform  composition,  and  that  the  acid  in 
bile  has  the  same  composition  as  that  which  is  obtained  in  the  sep- 
arate state  by  the  processes  above  given. 

Farther,  if  the  choleate  of  lead,  purified  from  phosphate,  chlo- 
ride, &c.,  of  lead,  by  solution  in  alcohol,  be  acted  on  by  carbonate 
of  soda,  choleate  of  soda  (artificial)  is  obtained ;  and  this  salt, 
when  pure,  is  found  to  differ  in  no  one  respect  from  pure  bile,  or 
natural  choleate  of  soda,  and  is,  therefore,  regenerated  bile.  Its 
composition  is  the  same  as  that  of  bile. 

Choleate  of  soda  has  already  been  described  as  purified  bile. 

Acid  choleate  of  soda  has  been  at  different  times  known  as 
biliary  matter,  and  as  bilifellic  acid  with  excess  of  biline.  —  (Berze- 
lius.)  But  the  biline  of  this  chemist,  and  also  his  sufi^r  of  bile, 
are  nothing  more  nor  less  than  either  pure  bile  or  choleic  acid. 
Platner  has  lately  obtained  the  acid  choleate  of  soda  crystallised* 
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which  ia  a  stroW  MMltionnl  tirgirment  in  bror  of  Dm  opinion  tba( 
the  bile  ia  a  niwmi  and  definite  compound  of  choleio  acid,  and 
that  all  the  numeroos  compounds  described  by  BeneJius  and  oth- 
ers as  constituents  of  bile,  are  products  of  the  decomposition  of 
choleic  acid.  This  is  a  consideration  of  the  utmost  imporlance, 
with  reference  to  the  production  of  bile  in  the  animal  body,  to  its 
functions,  and  in  short  lo  chemical  phjsiolc^. 

Cboleate  of  lead  (basic).  —  This  salt,  precipitated  by  subace- 
tate  of  lead,  has  the  charactera  of  a  plaster,  as  choleate  of  soda 
has  those  of  a  soap. 

FKODucTTB  or  TBK  nicouPoaiTioif  or  bilk. 

The  recent  discovery  of  38-6  per  cent,  of  sulphur  in  taurine, 
and  of  nearly  4  per  cent,  in  choleic  acid,  renders  it  impossible  to 
give  at  present  a  aatisfactory  account  of  the  various  metamorphoses 
of  the  bile,  until  the  researches,  rendered  necessary  by  these  dis- 
coveries, shall  be  concluded.  In  the  meantime,  the  only  com- 
pounds the  formulK  of  which  are  known  with  any  degree  of  cer- 
tainty, are  choleic  acid  and  taurine.  The  formula  of  choleic  acid 
must  be  considered  doubtful,  till  we  know  what  becomes  of  the 
sulphur  of  the  bile  in  its  formation. 

1.  Choloidic  acid.  —  This  acid  is  formed  by  the  action  of  hydro- 
chloric acid,  when  boiled  with  bile.  It  diners  from  choleic  acid 
in  containing  no  nitrogen.  Its  formula  is  Gn  Hn  On.  Its  produc- 
tion is  attended  with  the  formation  of  taurine.  Choloidic  acid  is 
resinous  or  rather  pitchy  in  aspect,  softened  by  the  heat  of  boiling 
water,  insoluble  in  water  and  ether,  soluble  in  alcohol.  Probable 
formula  CnHsoOii  =  C«H«0>«,HO  ;  but  as  that  formula  was 
ascertained  before  the  presence  of  sulphur  in  choleic  acid  was 
known,  it  must  be  considered  doubtful. 

By  the  action  of  nitric  acid,  choloidic  acid  ia  converted  into  a 
variety  of  products,  among  which  are:  1.  Several  of  the  oily 
acids  of  the  series  (CM)  n4-0t;  S.  a  heavy  pungent  volatile  oil, 
which  by  the  action  of  potash  yields  nitrocholJc  acid,  Ci  HN*  0>, 
H  O,  and  cholncrole,  another  pungent  oil,  Ci  H>  Ni  On;  3.  cho- 
loidanic  acid,  CnHnOt,  HO  ;  and  4.  cholestcric  acid,  Ci  H*  O4, 
H  0,  so  called  because  it  ia  also  formed  by  the  action  of  nitric  acid 
on  choteslerine. 

S.  Ztiurtne.  Ct  Hi  NSsOt.  — This  subsUnce  is  found  in  the 
liquid  which  has  deposited  the  choloidic  acid.  When  pure,  it 
forms  large  prisms,  neutral,  with  a  cooling  taste,  soluble  in  water, 
and  very  permanent,  not  being  decomposed  by  strong  nitric  acid. 

3.   ChrAic  Add.  —  This  is  another  non-aiotiied  acid,  formed 
when  bile  is  acted  on  by  fusion  with  caustic  alcalies,  which  disen- 
gage the  nitrogen  as  ammonia.     It  resembles  the  fatty  acids,  01 
rather  the  resinous  acids.     It  forms  large  transparent  tetrabadr 
aoluble  in  alcohol  and  ether,  nearly  insoluble  in  water. 
C«UsiO.,HO? 
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4.  Dyslysine,  —  This  is  the  name  given  by-Binclias  to  a  com- 
pound formed  during  the  action  of  hydrochloric  aeid  on  bile.  It 
18  very  sparingly  soluble  in  hot  alcohol.  (Hence  its  name,  from 
6vi,  and  xv0t$,  solution).  It  has  a  resinous  aspect,  and  the  formula 
C»  H46  O7,  that  is,  choloidic  acid  minus  4  eq.  water. 

The  fellic  acid  and  cholinic  acid  of  Berzelius  are  mixtures  of 
some  of  ihe  above,  or  of  other  products,  with  unaltered  choleio 
acid.  They  do  not  exist  ready  formed  in  bile,  according  to  Theyer 
and  Schlosser. 

5.  Chdic  acid,  (Gmelin).  —  This  is  an  acid,  containing  nitrogen, 
formed  when  choleate  of  lead  is  acted  on  by  acetic  acid.  It  forms 
fine  needles  of  a  sweet  and  pungent  taste,  very  soluble  in  alcohol 
and  in  hot  water.     Its  formula  is  unknown. 

6.  Cholanic  tidd  is  a  resinoid  acid,  found  in  putrid  bile,  and  Teiy 
similar  to  choloidic  acid,  if  not  identical  with  it. 

7.  Fdlanic  acid  accompanies  the  preceding.  It  forms  trans- 
parent prisms,  and  may  possibly  be  cholinic  acid.  At  all  events, 
it  is  not  established  as  a  distinct  compound ;  but  is  a  product^ 
probably  a  mixed  one,  of  some  of  the  changes  of  so  complex  a 
substance  as  choleic  acid. 

The  coloring  matter  of  the  bile  when  dry  is  reddish-brown,  but 
dissolves  in  potash  with  a  yellow  color,  becoming  greenish -brown 
in  the  air.  Its  solution*  mixed  with  excess  of  nitric  acid,  becomes 
first  green,  then  blue,  violet,  red,  and  finally  yellow.  The  same 
changes  of  color  are  seen  in  serum,  chyle,  or  urine  charged  with 
bile,  as  in  jaundice. 

BILIART   CONCRETIONS. 

The  calculi  or  concretions  found  in  the  gall-bladder  are  gener- 
ally composed  of  cholesterine,  with  more  or  less  coloring  matter. 
Sometimes  the  cholesterine  is  so  pure  that  alcohol  dissolves  it 
entirely  and  becomes  hardly  colored  ;  at  other  times  coloring  mat- 
ter alone  is  fo\/nd.  The  former  case  occurs  in  the  human  subject ; 
the  latter  generally  in  the  ox. 

Lithofellic  acid  is  an  acid  found  constituting  the  mass  of  certain 
concretions  called  hezoar  orienkUe,  and  said  to  be  found  in  the 
stomach  of  certain  antelopes ;  but  which  are,  no  doubt,  biliary 
concretions. 

Lithofellic  acid  is  fusible,  gives  off  when  heated  a  fragrant  vapor, 
and  has  when  cut  or  rubbed  in  the  concretion  the  lustre  of  wax. 
It  dissolves  in  hot  alcohol,  and  forms  brilliant  six-sided  prisms, 
insoluble  in  water.  Formula,  C42  Has  Os  —  (Euling  and  WtU)  ;  C* 
Ha6  07,HO  — (TToA/er). 

Nitric  acid  converts  it  into  a  new  acid  containing  nitrogen. 
Formula,  C«  H28  N  On. 

When  distilled,  lithofellic  acid  loses  2  eq.  water,  and  yields 
pyrolitliofellic  acid,  C4oHm06. 
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BRAIN   AND   NERVOUS   MATTER. 

This  substance  consists  of  water  to  the  extent  of  about  80  per 
cent.  ;  of  albuminous  matter,  7  per  cent. ;  and  of  several  peculiar 
fats,  among  which  are  cholesterine,  and  another  beautifully  crys- 
talline fat,  resembling  cholesterine  but  distinct  from  it 

Cerebric  acid.  —  This  is  a  fatty  acid,  peculiar  to  the  nervous 
matter.  It  is  purified  by  means  of  ether,  which  removes  an  oily 
matter,  and  by  crystallization  in  hot  alcohol.  It  forms  white 
granular  crystals,  slightly  soluble  in  water,  especially  when  hot, 
although  the  greater  part  is  not  dissolved,  but  swells  up  into  a 
gelatinous  paste.  It  melts  when  heated,  and  when  burned  leaves 
a  very  acid  coal.  It  contains  both  nitrogen  and  phosphorus, 
which  distinguishes  it  from  the  ordinary  fat  acids.  Its  salts  are 
very  soluble  m  alcohol,  as  well  as  in  water. 

Oleophosphoric  acid.  —  This  acid  is  dissolved,  in  combination 
with  soda,  by  the  ether  used  in  purifying  cerebric  acid ;  but  it  is 
hardly  known  in  a  state  of  purity,  being  mixed  with  a  neutral  oil, 
cerebroleine,  with  cholesterine,  and  with  cerebric  acid,  in  small 
quantity.  With  alcalies  it  forms  soaps,  exactly  similar  to  the  salts 
dissolved  from  brain  by  ether.  When  boiled  with  water  or  alco- 
hol, it  is  resolved  into  cerebroleine  and  phosphoric  acid.  Of  the 
latter  it  yields  about  2  per  cent. 

Cerebroleine  is  purified  by  cold  alcohol,  which  dissolves  the  oil, 
leaving  undissolved  all  the  cholesterine  and  cerebric  acid.  Its 
composition  is  the  same  as  that  of  the  oleine  of  human  fat. 

The  cholesterine  of  the  brain  appears  to  be  identical  with  that 
of  bile.  The  brain  also  contains  traces  of  oleic  and  margaric  acids. 
When  it  putrefies,  the  oleophosphoric  acid  disappears  entirely. 

The  most  important  pomt  in  the  chemical  history  of  the  brain 
is  that  it  contains  both  fat  and  albumen,  the  two  extremes  of  the 
animal  products,  and  substances  (cerebric  and  oleophosphoric 
acids)  of  a  composition  intermediate  between  that  of  albumen  and 
that  of  fat.  These  bodies,  however,  appear  to  contain  even  a 
larger  proportion  of  phosphorus  than  albumen.  It  is  not  yet 
known  where  the  cerebric  and  oleophosphoric  acids  are  produced : 
whether  in  or  by  a  special  organ,  as  the  bile  is  by  the  liver  ;  or 
whether  in  the  circulation  generally.  It  will  be  seen  hereafter 
that  the  blood  does  contain  traces  of  cholesterine  and  other  fatty 
matters  ;  and,  indeed,  as  the  blood  also  contains  bile,  it  may  be 
supposed  that  the  liver  does  not  form  the  bile,  but  merely  separates 
it  from  the  blood,  it  having  been  previously  formed.  In  like  man- 
ner, even  if  there  should  be  found  an  organ  connected  with  the 
formation  or  secretion  of  nervous  matter,  still  the  function  of  that 
organ  might  be  only  to  separate  cerebric  acid,  previously  formed, 
from  the  blood.  At  all  events,  we  cannot  doubt  that  the  very 
remarkable  composition  of  the  acids  of  the  brain  has  an  important 
relation  to  the  functions  of  that  organ,  and  that  the  prodaotion  of 
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those  acids  forms  an  essential  part  of  the  yital  process  going  on  in 
the  bodj. 

Liebig  has  lately  observed  that  the  brain  contains  no  kreatine, 
(a  body  found  in  urine  and  in  the  juice  of  flesh),  but  that  when 
triturated  with  barytic  water,  two  acids  are  taken  up  by  that  base, 
forming  salts,  one  of  which  is  insoluble,  the  other  soluble,  in 
alcohol.  Both  dissolve  in  water,  and  the  solution  in  both  cases 
yields  a  white  precipitate  with  acids.  The  acids  in  question  are 
therefore  insoluble  m  water,  and  probably  allied  to  fat  acids,  but 
they  have  not  yet  been  examined. 

Dr.  R.  D.  Thompson  has  also  been  for  some  time  engaged  in 
the  study  of  the  brain,  and  his  researches  are  anxiously  looked  for. 

OASTRIO   JUICE. 

This  juice,  as  extracted  from  th6  stomach  of  executed  criminals, 
is  colorless  or  slightly  yellow,  turbid,  and  distinctly  acid.  It 
oontains  free  acids  along  with  chlorides  of  potassium  and  sodium. 

The  nature  of  the  free  acid  present  in  the  gastric  juice  has  been 
disputed.  When  it  is  distilled,  free  hydrochloric  acid  is  obtained, 
and  this  is  often,  perhaps  always,  accompanied  by  butyric  acid ; 
but  it  must  be  remembered  that  these  acids  are  volatile,  and  that 
therefore  their  presence  in  the  distilled  liquid  affords  no  proof  of 
their  existence  in  the  free  state  in  the  gastric  juice.  On  tne  other 
hand,  Lehmann  obtained  from  the  gastric  juice,  by  a  peculiar  pro- 
cess, a  salt  of  magnesia,  which  he  analysed,  and  which  Liebig  has 
shown  to  be  lactate  of  magnesia.  There  can  be  no  doubt  of  the 
presence  of  phosphoric  acid,  free  or  combined  ;  and  it  is  most 
probable  that  in  the  normal  juice,  the  fixed  acids,  phosphoric  and 
lactic,  are,  in  part  at  least,  free,  while  the  volatile  acids,  hydro- 
chloric and  butyric,  are  present  in  the  form  of  salts.  In  the  dis- 
tillation, the  latter  are  expelled  in  the  free  state,  the  fixed  acids 
taking  their  place.  This  view  is  confirmed  by  the  phenomena 
exhibited  by  the  juice  of  flesh,  (See  Liebig's  Researches  on  the 
Chemistry  of  Food,  and  the  next  section  of  this  work),  which 
undoubtedly  contains  free  lactic  and  phosphoric  acids,  (or  what  is 
the  same  thing,  acid  phosphates  and  acid  lactates),  along  with 
chlorides,  and  appears  to  have  a  very  close  resemblance  to  the 
gastric  juice. 

The  property  of  dissolving  or  digesting  food,  such  as  albumen, 
fibrine,  caseine,  &c.,  is  owing  in  part  to  the  presence  of  free  acid, 
and  in  part  to  the  presence  of  part  of  the  lining  membrane  of  the 
stomach  dissolved,  and  in  a  state  of  change.  The  gastric  juice  con- 
verts into  chyme,  or  digests,  albumen,  fibrine,  &c.,  out  of  the  body 
as  well  as  in  it,  if  the  temperature  of  the  stomach  be  kept  up  ; 
and  water  acidulated  with  a  trace  of  hydrochloric  acid,  and  after- 
ward left  for  24  hours  in  contact  with  the  lining  membrane  of  a 
stcnnach,  acquires  in  a  very  high  degree  the  solvent  power  of  the 
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gttstrio  juice.  Water  thus  prepared  dissolves  in  8  to  12  hours,  at 
the  temperature  of  from  86^  to  104^,  hard-boiled  white  of  egg. 
Sec,  which  requires  4  days  at  a  temperature  of  158^  to  176°  to 
be  dissolved  by  water  merely  acidulated  with  the  same  proportion 
of  acid,  but  not  placed  in  contact  with  the  stomach.  This  latter 
fluid,  however,  dissolves  meat  better  than  it  does  albumen^ 
because  the  meat  supplies  some  membraneous  matter  in  a  state 
of  change,  by  which  the  solution  of  the  fibrine  is  finally  pro- 
moted. 

All  attempts  to  isolate  the  supposed  principle  —  pepsine  as  it 
was  called,  which  is  supposed  by  some  to  be  the  solvent  of  food 
in  the  stomach  —  have  tailed.  The  gastric  juice  has  only  yielded 
traces  of  animal  matter,  and  we  have  not  yet  any  proof  that  its 
solvent  action  depends  on  a  peculiar  compound,  and  is  not  rather 
the  effect  of  a  kind  of  fermentation  induced  in  the  food  by  contact 
with  the  particles  of  dissolved  epithelium,  themselves  in  a  state  of 
change,  and  consequently  of  motion.  On  the  whole,  then,  taking 
into  account  the  &cts  of  artificial  digestion,  it  appears  most  prob- 
able that  digestion  is  a  process  analogous  to  fermentation  in  the 
conditions  under  which  it  takes  place,  namely,  a  certain  temper- 
ature, and  contact  with  azotized  matter  in  a  state  of  decomposition ; 
but  differing  from  the  usual  forms  of  fermentation  in  its  phenomena, 
no  gas  being  disengaged,  and  its  chief  result  being  the  solution 
of  an  originally  insoluble  matter. 

■ 

JUICE  OF   FLESH. 

The  muscular  mass  of  animal  bodies  is  chiefly  composed  of 
muscular  fibre  (fibrine),  colored  by  blood,  contained  in  mnumer- 
able  small  vessels,  of  tnose  vessels,  of  nerves,  of  tendinous  matter, 
and  of  cellular  tissue.  More  than  f  of  its  weight  are  water, 
which,  holding  in  solution  a  great  variety  of  substances,  penetrates 
every  part  of  the  mass,  and  constitutes  the  juice  qfjleah,  as  it  is 
termed.  This  fluid  is  contained  either  in  peculiar  minute  vessels 
or  in  the  cells  of  the  cellular  tissue,  and  when  the  flesh  is  finely 
chopped  and  pressed,  the  juice  is  obtained,  more  or  less  mixed 
with  blood.  The  best  method  is  to  mix  the  chopped  flesh  with 
water,  to  squeeze  out  the  mass,  and  to  repeat  this  process  if  neces- 
sary. In  this  way,  the  juice  of  flesh  is  obtained  in  a  somewhat 
diluted  state,  and,  as  already  stated,  not  free  from  blood. 

This  fluid  has  recently  been  studied  by  Liebig  (Researches  on 
the  Chemistry  of  Food*)  with  very  interesting  results.  It  is 
uniformly  and  strongly  acid,  and  the  acids  present  are  lactic  acid 
in  large  quantity,  phosphoric  acid,  a  new  azotized  acid,  inosinic 
acid,  and  in  smaller  quantity  some  other  organic  acids,  not  yet 
examined.     No  sulphuric  acid  is  present,  save  a  trace  from  the 
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blood.  The  bases  are  potash  in  large  proportion,  both  as  phos- 
phate, lactate,  inosinate,  <fec.,  and  as  chloride  of  pK)tas8ium  ;  soda 
in  much  smaller  quantity,  chiefly  as  chloride  of  sodium,  (and  prob- 
ably derived  from  the  blood,  at  least  for  the  most  part);  magnesia  ; 
lime  ;  the  latter  in  much  smaller  proportion  ;  and  kreatinine.  The 
juice  contains,  besides,  albumen  dissolved,  which  is  coagulated  by 
heat  and  amounts  to  from  2  to  3  per  cent,  of  the  weight  of  flesh. 
The  insoluble  residue  of  fibrine,  <&c.,  amounts  when  dry  to  17  or 
1 8  per  cent.,  so  that  the  average  composition  of  flesh  will  be  nearly 
as  follows: 

Water -78 

Fibrine,  vessels,  nerves,  cells,  &c.         .        .        .         17 

Soluble  ^  Albumen 2-6 

m  tte      i  ^^^^^  ^°^  bases,  organic  and  inorganic,  chlorides, 

mailer     i  ^^^  kreatine 2*6 


1000 

It  is  obvious,  that  in  order  to  study  with  success  the  soluble 
matters  not  coagulated  by  heat,  we  must  operate  on  large  quan- 
tities of  flesh,  since,  for  example,  10  lbs.  of  flesh  will  not  yield 
more  than  4  oz.  of  these  substances,  among  which  are  five  or  six 
acids,  and  as  many  bases,  besides  chlorides  and  kreatine.  Thus, 
from  10  lbs.  of  beef,  only  about  60  grains  of  kreatine  can  be 
obtained, 

Kreatine  —  This  substance  was  first  noticed  by  Chevreuil  in  the 
soup  or  extract  of  meat,  but  as  he  obtained  it  in  very  small 
quantity,  and  other  chemists  did  not  succeed  in  procuring  it,  its 
composition  was  unknown,  and  its  existence  was  even  doubted,  as 
an  ingredient  of  flesh,  Berzelius  having  sugfi;ested  that  it  might 
be  an  accidental  product  of  decomposition.  Liebig  showed  that  it 
is  always  present  in  all  kinds  of  flesh,  at  least  in  all  those  tried  by 
him,  namely,  in  the  flesh  of  the  horse,  ox,  ox-heart,  sheep,  pig, 
calf,  roe-deer,  hare,  marten,  red-deer,  fox,  fowl,  and  pike.  Schloss- 
berger  had  shortly  before  obtained  a  trace  of  it  from  the  flesh  of 
an  alligator,  although  too  little  for  analysis,  and  I  have  since  found 
it  intlie  flesh  of  pigeon,  skate,  cod  and  haddock.  Liebig  observed 
that  when  the  juice  containing  it  is  evaporated,  the  kreatine  is  des- 
troyed or  rendered  uncrystallizable  by  the  free  acid.  By  neutral- 
izing, therefore,  the  juice  obtained  as  above  mentioned, (after  heating 
it  so  as  to  coagulate  the  albumen,  and  separating  the  coagulated 
albumen  by  filtration),  with  baryta  water,  and  evaporating  to  the 
consistence  of  syrup  at  130°  or  140°,  he  obtained  the  kreatine  in 
quantity  amply  sufficient  to  allow  him  to  study  its  composition  and 
characters.  The  following  table  contains  his  results  and  my  own 
in  regard  to  the  preparation  of  kreatine  obtained  from  several 
kinds  of  flesh.  It  will  be  seen  that  in  all  it  is  small,  varying  from 
0-607  to  3-21  per  1000. 
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I  ODD  parts  of  tlie  flesh  of  fowl  yielded  of  kreatine 
"  "  ox-bean        "        " 


3-20 

'3.90 

,  1-375 

11-418 

,  0-93& 

'  1710 

0-83A 

0.73 

0-697 

0-607 

Fowl  yields  the  largest  proportion,  but  kreatine  is  obtained 
mach  more  cheaply  from  cod.  I  lind  that  (be  chopped  cod,  well 
mixed  with  little  more  than  its  weijjht  of  water,  and  pressed  out, 
yields  a  fluid,  which,  when  neulraliied  (after  the  congulntion  of 
the  albumen)  by  baryta,  filtered,  to  separate  the  pho8phat«  of 
baryta,  and  gently  evaporated,  till,  on  cooling,  it  forms  a  thin  jelly, 
deposits,  on  standing,  kreatine,  in  large  crystnis,  nearly  pure.  In 
one  experiment,  Sfi  Ibii.  of  cod  yielded  164  grains  ;  in  another,  30 
lbs.  yielded  356  grains.  The  crystals,  by  one  recrystaJlization 
from  G  or  7  parts  of  boiling  water,  are  rendered  quite  pure.  The 
kreatine  obtained  from  haddock  was  less  pure  than  that  from 
skate  or  cod,  and  was  evidently  mixed  tvith  a  less  soluble  matter, 
the  nature  of  which  I  have  not  bad  time  as  yet  to  ascertain. 

Kreatine  forma  brilliant  hard  prismatic  crystals,  efflorescing  at 
212°,  very  soluble  in  hot  water,  less  so  in  cold  water,  sparingly 
soluble  in  alcohol.  It  is  neutral,  and  its  formula  is  Ci  Ni  NnOi 
iB  Ci  Ni  H<  O.  +  S  H  0.  By  the  action  of  acids,  kreatine  is  re- 
solved into  the  new  base,  krcatinine  and  water:  and  by  that  of  bases, 
into  the  new  base  sarcosine,  and  urea,  as  already  explained. 

Kreatine  has  been  discovered,  along  with  kreatinine,  in  urine. 
Pett«nkofer  obtained,  by  the  addition  of  chloride  of  line  to  a  con- 
centrated extract  of  urine,  a  crystalline  precipitate,  containing 
chloride  of  zinc  and  an  organic  matter,  the  composition  of  whicE 
be  found  to  be  Ct  Na  Ht  Oi.  Liebig  has  proved  that  this  sub- 
stance is  resolved,  by  the  action  of  alcohol,  into  kreatine,  Ci  Ni 
Hu  Oa,  and  kreatinine,  Ci  Na  Ht  Oa,  and  that  it  was,  in  fact,  as 
analyzed  by  Pettenkofer,  a  mixture  of  those  substances,  in  the 
proportion  of  3  eq.  of  the  latter  to  1  of  the  former.  The  original 
crystals  of  Pettenkofer  were  a  mixture  of  free  kreatine,  with  a 
compound  of  chloride  of  zinc  with  kreatinine. 

The  addition  of  chloride  of  sine  lo  the  mother  liquid  which  has 
deposited  the  kreatine  from  the  juice  of  flesh,  yields  the  compound 
of  Pettenkofer,  so  that  kreatinine  exists  ready  formed  in  the  juice 
of  flesh. 

Lactic  Acid.  — This  acid,  as  an  ingredient  of  the  juice  of  flesh, 
is  very  interesting ;  and  it  ia  remarkable  that  liebig,  who  demon* 
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strated  its  absence  in  normal  urine,  (in  wbich,  according  to  Cap 
^  and  Heurj,  it  exists  in  combination  witb  urea,)  should  have  been 
tbe  person  who  detected  it  in  flesh.  It  is  present  in  large  quantity, 
and  occurs  as  abundantly  in  the  flesh  of  carnivorous  as  in  that  of 
herbivorous  animals.  Its  origin  and  formation  in  the  former  is 
not  yet  explained,  and  is  a  problem  of  much  interest. 

The  presence  of  lactic  acid  in  the  juice  of  flesh  is  also  import- 
ant, as  readily  accounting  for  its  presence  in  the  gastric  juice, 
which,  as  we  have  seen,  is  also  acid.  The  lactic  acid  in  the  juice 
of  flesh  is  obviously  consumed  in  respiration,  as  will  be  explained 
hereafter. 

InontUc  Add,  —  This  acid  has  been  little  studied.  Its  formula 
is  Cio  Nfl  Ha  Oio,  H  O,  and  it  forms,  with  baryta,  a  salt  wliich 
crystallizes  in  silvery  scales. 

Phosphoric  Acid,  —  This  acid  exists  in  large  proportion  in  the 
juice  of  flesh,  in  the  form  of  acid  tribasic  phosphate  of  potash, 

POs   "joxTf)!  a  salt  which  is  always  produced  when  phosphoric 

acid  is  made  to  act  on  chloride  of  potassium  or  salts  of  potash. 
This  salt  is  strongly  acid,  and  chiefly  contributes  to  the  acidity  of 
the  juice. 

It  is  most  important  and  worthy  of  remark,  that  the  blood 
which  is  separated  from  the  juice  of  flesh  only  by  the  finest  mem- 
branes, cell  walls,  or  parietes  of  vessels,  is  invariably  alkaline, 

containing   the    common  phosphate  of  soda,  ^  ^<   "j  u  O       [ 

a  salt  which  is  always  formed  when  phosphoric  acid  acts 
on  chloride  of  sodium  or  salts  of  soda,  and  which  is  strongly 
alcaline. 

Here  we  observe,  first,  that  while  soda  is  essential  to  blood, 
potash  is  equally  essential  to  the  juice  of  flesh  ;  secondly,  that  in 
these  two  fluidis,  soda  and  potash  cannot,  as  in  so  many  other 
cases  they  can,  replace  each  other  ;  thirdly,  that  by  this  arrange- 
ment, an  acid  and  an  alcaline  fluid  are  constantly  in  close  vicinity 
to  each  other,  separated  only  by  membrane,  at  all  parts  of  the 
body;  fourthly,  that  being  at  the  same  time  in  contact  with  muscle 
and  nerve,  the  conditions  of  electric  currents  are  present ;  while 
such  currents,  as  is  known,  have  recently  been  proved  by  Matteucci 
to  exist  Lastly,  that  animals  cannot  form  blood,  unless  their 
food  contain,  along  with  phosphates,  salts  of  soda,  or  at  least  chlo- 
ride of  sodium,  so  that  when  they  are  fed  on  the  land  plants  of 
certain  soils,  in  which  sodium  is  nearly  absent,  common  salt  must 
be  given  to  them.  * 

The  function  of  the  phosphate  of  magnesia,  which  occurs  in 
large  quantity  in  the  juice  of  flesh,  is  not  yet  even  conjectured ; 
but  it  cannot  be  doubted  that  all  the  substances  present,  organic 
M  well  aa  inorganic,  have  each  a  special  part  to  perform. 
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SALIVA. 


The  chief  use  of  the  saliva  is  to  assist  in  digestion,  whether  by 
itself  containing  animal  matter  in  a  stale  of  change,  or  by  its 
remarkable  power  of  inclosing  and  retaining  bubbles  of  air,  the 
oxygen  of  which  commences  the  change  necessary  to  digestion,  on 
commg  in  contact  with  the  food  or  the  stomach  and  gastric  juice. 
To  serve  this  purpose,  the  saliva  has  a  very  great  degree  of  vis- 
cidity, so  that  it  froths  up  easily,  and  the  froth  does  not  fall  readily. 
It  is  alcaline»  and  contains  hardly  more  than  1  or  2  per  cent,  of 
solid  matter,  partly  mucus,  partly  the  usual  salts,  partly  a  peculiar 
soluble  matter,  ptyaline.  The  salts  of  the  saliva  are  the  chlorides 
of  potassium,  sodium,  and  calcium,  some  potash,  and  soda,  with  a 
large  proportion  of  bone  earth.  It  appears  also  to  contain  a  trace 
of  sulphocyanide  of  potassium  :  at  least  it  reddens  with  persalts 
of  iron ;  and  although  acetates  do  this,  there  is  some  reason  to 
ascribe  the  effect  here  to  sulphocyanides. 

The  pancreatic  juice  resembles  saliva,  but  appears  to  be  slightly 
acid,  and  contains  8  or  9  per  cent,  of  solid  matter,  including  ptya- 
line and  a  matter  like  caseine.  This  juice  is  added  to  the  chyme 
in  its  passage  through  the  duodenum,  along  with  the  bile  and 
intestinal  mucus. 


EXCBEMENTS. 


Urine,  —  The  chyme,  after  receiving  the  pancreatic  juice,  the 
bile,  and  mucus,  passes  along  the  intestine,  where  the  absorbents 
or  lacteals  take  up  the  fluid  part,  leaving  the  insoluble  portions. 
The  chyle  or  absorbed  fluid  is  partly  conveyed  into  the  abdominal 
veins,  and  partly  made  to  pass  through  numerous  glands  (in  which 
process  it  loses  its  acid  reaction,  becoming  alcaline),  from  which  it 
proceeds  to  the  thoracic  duct,  and  is  then,  with  the  lymph,  poured 
into  the  vena  cava  to  mix  with  the  venous  blood. 

In  the  meantime,  the  insoluble  parts  of  the  chyme  are  rejected, 
and  accumulate  in  the  large  intestines,  various  gases  being  disen- 
gaged, such  as  carbonic  acid,  hydrogen,  carburetted  hydrogen, 
nitrogen,  and  sulphuretted  hydrogen. 

The  solid  excrements  of  man  contain  very  little  matter  soluble 
in  water,  and  consist  of  woody  fibre,  with  fatty,  resinous,  and 
waxy  substances,  and  finally  the  insoluble  salts  of  the  food,  namely, 
phosphates  of  lime  and  magnesia,  with  traces  of  soluble  salts,  and 
som6  silica. 

The  urine  of  man  contains  urea  and  uric  acid,  also  hippuric  acid, 
kreatine  and  kreatinine,  and  other  organic  compounds  very  imper- 
fectly known.  Its  acid  reaction,  according  to  Liebig,  depends  oo 
the  fact  that  phosphate  of  soda  dissolves  uric  and  hippuric  acids, 
forming  an  acid  solution.     If  40  grains  of  dry  phosphate  of  soda 

POs    \uQ     f  16  grains  of  uric  acid,  and  16 grains  of  hippuric 
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acid,  be  dissolved  in  1  lb.  of  hot  water,  a  solution  is  formed  which 
on  cooling  deposits  7^  grains  of  uric  acid,  and  the  remaining  liq- 
uid forms  an  artificial  urine,  which,  like  the  natural,  is  acid.  It 
contains  also  phosphoric  acid,  magnesia,  often  ammonia,  soda, 
phosphate  of  soda,  common  salt,  sulphuric  acid,  or  sulphate  of 
soda,  in  short,  the  soluble  salts  of  the  food,  along  with  sulphuric 
acid  formed  by  the  oxidation  of  the  sulphur  of  the  tissues.  The 
addition  of  ammonia  to  urine  causes  a  precipitate  of  phosphate  of 
lime. 

Fresh  urine,  filtered  (to  separate  mucus)  into  a  perfectly  clean 
vessel,  keeps  unchanged  for  weeks  or  even  months  ;  but  if  in  con- 
tact with  decomposing  animal  matter,  the  urea  is  speedily  trans- 
formed, by  putrefaction,  into  carbonate  of  ammonia,  while  phos- 
phate of  lime  is  precipitated,  the  urine  becoming  strongly  alcaline. 

The  urine  of  the  herbivora  contains  much  uric  acid,  also  hip- 
puric  acid ;  that  of  the  carnivora  contains  more  urea,  and  is 
strongly  acid :  uric  acid  predominates  very  greatly  in  the  urine  of 
birds,  and  that  of  reptiles  is  nearly  pure  acid  urate  of  ammonia. 

When  benzoic  acid  is  administered  internally,  it  appears  in  the 
urine  as  hippuric  acid,  which  latter  acid  is  generally  present  in 
small  quantity  in  urine.  The  acid  reaction  of  human  urine  is  not 
owing  to  lactic  acid,  as  was  formerly  supposed,  but  to  free  uric 
acid  dissolved  by  the  phosphate  of  soda.  The  urine  is  sometimes 
neutral,  and  always  becomes  alcaline,  when  the  food  contains  salts 
of  potash  or  soda  with  organic  acids,  because,  the  acids  being  oxid- 
ized in  the  body,  yield  carbonates  of  the  alcalies.  It  is  evident, 
therefore,  that  by  attention  to  diet,  the  urine  may  be  brought  into 
any  desired  condition. 

When  water,  or  a  very  weak  saline  solution,  is  taken  into  the 
stomach  in  large  quantities,  it  is  rapidly  absorbed  by  endosmosis, 
and  the  urine  becomes  more  and  more  diluted,  till  at  last  it  resem- 
bles the  water  that  has  been  taken.  But  if  a  solution  containing: 
as  much  saline  matter  as  the  blood,  or  a  little  more,  is  taken  into 
the  stomach,  it  is  not  absorbed,  and  the  stomach  becomes  so 
loaded  that  the  experiment  cannot  be  continued.  If,  again,  the 
solution  be  much  stronger,  the  water  of  the  blood  passes  outward 
by  exosmosis,  and  produces  diarrhoea.  This  explains  the  purga- 
tive action  of  neutral  salts,  which  is  well  exemplified  by  sprinkling 
salt  on  a  portion  of  fresh  membrane  such  as  bladder,  or  on  meat, 
both  of  which  yield  water  and  are  soon  swimming  in  brine. 

The  salts  of  the  urine  and  of  the  excrements,  being  derived 
directly  from  the  food,  vary  according  to  its  nature,  the  soluble 
inorganic  salts  of  the  food  being  found  in  the  urine,  the  insoluble 
salts  in  the  excrements.  Thus  the  ashes  of  the  food  of  the  car- 
nivora contain  no  carbonates,  but  are  rich  in  phosphates,  and  such 
also  is  the  case  with  the  salts  (or  ashes)  of  their  excreta,  liquid  or 
solid.    In  facty  if  we  know  tiie  nature  and  composition  of  the  ashes 
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of  the  food,  we  can  tell  at  once  the  salts  of  the  urine.  In  an  adult 
animal,  the  quantity  of  salts  excreted  is  precisely  equal  to  that 
contained  in  the  ingcsta,  and,  therefore,  by  altering  the  food,  we 
can  alter  at  pleasure  the  nature  of  the  salts  in  the  urine. 

As  an  example,  we  may  here  adduce  the  case  of  the  horse, 
which  animal  consumes,  in  his  food,  a  certain  quantity  of  mineral 
substances,  derived  ultimately  from  the  soil : 

THE   HORSE 


Consmnes  of  Mineral  Substanoes.           1           Excrotea  of  Minontl  SubeUnoes. 

oz. 
In  15  lbs.  of  hay,       18*61  ) 
In  4-54  lb«.  of  oats,    246  [  21-49 
In  water,                       042  ) 

oz. 
In  the  urine                    3*51    >  qi  .07 
In  the  feces                 18  36  S  ^^ 

The  above  result  is  one  obtained  by  actual  and  very  careful 
experiment,  and  the  nature  of  the  salts  is  found  to  be  the  same, 
as  indeed  must  obviously  be  the  case,  as  long  as  the  animal  does 
not  change  its  weight.  A  growing  animal  will  retain  the  phos- 
phates in  part  to  aid  in  forming  bone,  and  an  old  or  wasting  animal 
will  give  out  more  salts  than  are  taken  in. 

It  is  obvious  that  analyses  of  urine  or  excrement  are  unneces- 
sary, if  we  can  examine  the  food  ;  and  that  in  general,  they  must 
be  useless,  since  we  can  never  expect  the  same  result  twice,  unless 
where  the  food  is  not  varied. 

The  excrements,  according  to  Liebig,  represent  the  incombusti- 
ble and  unburned,  or  partially  burned  ingredients  of  the  food, 
and  if  we  view  the  body  as  a  furnace  in  which  the  animal  heat  is 
produced  by  the  oxidation  or  combustion  of  the  food,  they  corres- 
pond to  the  soot  and  ashes  of  a  common  fire.  That  they  contain 
partially  oxidized  matter  is  proved  by  the  fact,  recently  observed 
Dy  Liebig,  that  the  albuminous  compounds,  when  partially  oxidized 
by  fusion  with  potash,  yield,  on  the  subsequent  addition  of  an 
acid,  volatile  matters,  possessing,  according  to  the  albuminous 
substance  employed,  the  peculiar  odors  which  characterize  the 
fseces. 

Guano,  so  highly  prized  as  a  manure,  is  the  decayed  excrement 
of  sea-fowls,  which  was  originally,  like  that  of  reptiles,  and  indeed 
also* of  birds  in  general,  mixed  urine  and  faeces,  the  urine  being 
soUd  or  semi- sol  id,  and  consisting  of  urate  of  ammonia.  It  varies 
much  in  the  proportions  of  its  ingredients,  both  because  the  origi- 
nal excrement  must  have  varied  according  to  the  food  of  the  birds  in 
different  places,  and  also  because  some  specimens  have  not  been 
so  long  exposed  to  air  and  moisture  as  others,  and  some  are  almost 
fresh.  Thus  some  guano  contains  upward  of  30  per  cent,  of  uric 
acid,  while  in  other  specimens  hardly  a  trace  of  that  acid  is  left. 
The  better  qualities  of  guano  contain  much  ammonia,  partly  free, 
or  as  carbonate,  as  proved  by  its  odor,  partly  combined,  as  sal 
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ammoniac,  oxalate,  urate,  and  phosphate  of  ammonia  and  mag- 
nesia. They  also  contain  phosphate  of  soda  and  much  phosphate 
of  lime,  the  latter  bein^  derived  from  the  bones  of  the  fish  on 
which  the  birds  fed.  Tnere  are  also  found  sulphate  of  potash  and 
soda,  and  oxalate  of  lime,  in  guano.  The  remainder  is  water,  and 
a  brown  matter  like  humus. 

It  is  easy  to  see  that  guano  must  act  chiefly  as  a  source  of 
ammonia  and  earthy  and  alcaline  phosphates,  so  valuable  to  grow- 
ing plants,  especially  to  those  cultivated  for  food,  and  that  its 
value  depends  very  much  on  the  amount  of  phosphates  it  contains. 
But  while  the  value  of  guano  is  unquestionable,  let  us  not  overlook 
the  fact,  that  while  we  are  ransacking  the  most  remote  islands  for 
guano,  that  substance  supplies  us  with  nothing  but  the  mineral  salts 
and  the  ammonia  which  have  formed  crops  of  vegetables  and 
races  of  animals  at  some  former  period,  and  that  it  differs  in 
no  essential  point  from  the  fresh  or  modem  excreta  of  man  and 
animals  nearer  home,  which  excreta,  at  least  those  of  man,  the 
most  valuable  of  all,  we  allow  to  be  carried  into  tlie  sea  in  quanti- 
ties which  may  be  measured  by  the  food  we  consume.  In  fact 
we  take  out  of  the  sea,  in  the  shape  of  guano,  only  part  of  what 
we  throw  into  it  in  the  contents  of  our  common  sewers.  These 
valuable  matters,  instead  of  bein^  carefully  collected  and  preserved, 
as  in  China,  are  sent  to  form  the  food  of  sea-plants :  on  these 
plants  animals  feed,  which  animals  serve  as  food  to  fish.  The  fish 
are  consumed  by  sea- fowl,  and  we  recover  in  their  excrement  a 
part  of  what  we  are  throwing  away.  Another  part  of  what  we 
lose  we  recover  in  this  country,  at  a  great  expense,  in  the  shape  of 
bone  earth,  which,  however,  must  be  taken  from  other  countries. 
We  shall  return  to  this  subject :  meanwhile,  let  us  express  a  hope 
that  Europe  will  at  length  follow  generally,  as  in  some  districts 
it  has  done,  the  rational  example  set  by  the  eminently  practical 
Chinese,  of  restoring  to  the  soil,  as  nearly  as  possible,  in  the  shape 
of  excreta,  what  we  take  from  it  in  our  crops  and  cattle,  and  thus 
keeping  up  its  fertility. 

URINARr    CALCULI. 

These  are  of  various  kinds,  according  to  the  peculiar  condition 
of  the  urine. 

Uric  acid  calculus  is  the  most  frequent,  being  the  usual  deposit 
when  the  urine  is  acid.  Its  origin  as  a  calculus,  or  deposit,  thilt  is, 
in  abnormal  quantity,  is  owing  to  deficient  aeration,  much  oxygen 
being  required  to  resolve  it  into  soluble  compounds,  such  as  urea, 
carbonate  of  ammonia,  or  even  oxalic  acid.  Hence  sedentary 
habits,  highly  carbonized  food,  and  indulgence  in  strong  wine,  all 
favor  its  production  ;  the  first  by  diminishing  the  supply  of  oxygen, 
the  two  latter  causes  by  seizing  on  the  oxygen  to  the  exclusion  of 
the  uric  acid.    It  is  easily  recognized  by  the  action  of  potasht 
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which  diiaolTes  it,  Aod  fomiB  »  solution  from  which  acids  precipi- 
tate uric  acid ;  or  by  nitric  acid,  which  disaolvea  it  with  effeires- 
ceoce,  and  yields,  on  evaporiLtioii  of  tlie  solu^on.  a  deep  red 
■tain,  becomiDg  purplt:  with  polaah.  Uric  acid  calculus  is  com- 
monly tiuged  more  or  less  red  or  brown.  Wheo  pure  it  ia  entirely 
dissipated  before  the  blowpipe. 

Urate  of  ammonia  also  occurs,  and  is  disUnguiahed  from  uric 
acid  by  diseogaging  ammonia  when  dissolved  in  potash. 

Phosphate  of  lime  is  very  frequent  wlien  the  urine  is  neutral 
or  alcaline.  It  is  white  and  earthy,  Eoluble  in  nitric  acid,  and 
precipitated  by  ammonia.     It  is  fixed  in  the  fire. 

Phosphate  of  ammonia  and  magnesia  is  also  pretty  frequent. 
It  dissolves  easily  in  aceUc  acid,  and  wben  lieated  gives  off  ammo- 
nia, leaving  a  solid  mass,  soluble  in  acids. 

Fusible  calculus  is  a  mixture  of  Uie  two  preceding.  It  melts 
readily  before  the  blowpipe. 

Oxalate  of  lime  constitutes  tbe  mulberry  calculus,  and  often 
appears  as  minute  crystals  in  ibe  urine.  When  healed,  it  leaves 
carbonate  of  lime  ;  or  if  healed  in  a  tube  with  oil  of  vitriol,  it 
gives  off  carbonic  oxide.  It  dissolves  in  acids,  and  is  precipitated 
by  alcalies. 

Carbonate  of  lime  occasionally,  but  very  rarely,  consliCates  a 
urinary  calculus,  easily  recognised  by  the  action  of  hydrochloric 
acid,  which  dissolves  it  with  effervescence,  and  by  a  red  beat, 
which  leaves  quicklime. 

Cystic  oxide  or  cystine,  and  xanthic  oxide,  are  very  rare  ealcuU. 
Their  characters  and  composition  have  been  g^ven  under  Uric 
Aeid. 


This  fluid  may  be  looked  on  as  blood  devoid  of  its  coloring  mat- 
ter. When  drawn  from  the  vessels,  it  coagulates  like  blood,  from 
the  separation  of  fibrine  ;  and  the  liquid  in  which  the  coagulum 
has  formed  itself,  coagulates,  when  heated,  like  the  serum  of  the 
blood.  Human  lymph  contains  about  96  per  cent,  of  water,  and 
variable  proportions  of  albumen,  fibiine,  and  salts,  the  salts 
amounting  to  nearly  2  per  cent. 


This  important  fluid,  from  which  the  whole  Bnima]  body  is 
formed,  and  b^  which  it  is  supplied  and  nourished,  is  a  thick, 
somewhat  viscid,  atcaline  liquid,  of  a  slight  saline  taBt«,  and  a 
peculiar  (aint  odor.  It  is  deep  red  and  opaque,  and  has  a  density 
of  1-0527  to  1'057. 

It  is  made  up  of  an  immense  number  of  globtdtt  or  flattened 
disks,  floating  in  a  limpid  yellowish  fluid.  When  drawn,  it  soon 
ooagul&l«Si  fonning  a  tremhling  jelly,  which  gndiuJIj  contracts, 
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expressing  a  yellowisli  liquid,  the  terum,  which  is  oecasioiiAllj 
turbid,  and  is  always  alcaline  to  test  paper,  and  saline  (o  the 
taste. 

The  coRgulation  consists  in  the  separation  of  the  fibrine  pre- 
viously dissolved,  which,  owing  to  some  unknown  cause,  assumes 
the  insoluble  state,  forming  a  fine  network  or  jelly,  in  which  the 
globules  are  inclosed.  If  the  blood  be  beaten  with  a  rod,  the 
ti brine  separates  perfectly  and  adheres  to  the  rod ;  but  it  is  in  the 
form  of  white  filaments,  and  the  globules  remain  suspended  in  the 
serum,  no  jelly  whatever  being  formed  in  this  case.  Or  if  the 
fresh  blood  be  mixed  with  8  times  its  bulk  of  solution  of  sulphate 
of  soda,  no  coagulum  is  formed,  the  fibrine  remains  dissolved,  and 
a  sediment  is  deposited  which  contains  the  globules  unaltered. 

The  red  globules  thus  prepared  may  be  collected  in  a  filter. 
Pure  water  added  to  them,  or  to  the  coagulum  of  blood,  rapidly 
alters  their  form,  and  in  fact  dissolves  them  into  an  opaque  liquid. 
This  action  of  water  is  thus  explained  :  the  globules  are  formed 
of  a  thin,  colorless,  and  transparent  coat,  inclosing  a  very  soluble 
coloring  matter.  They  lloat  in  a  saline  liquid,  in  which  there  is 
equilibrium  between  the  contents  of  the  globules  and  the  fluid 
surrounding  them.  But  when  the  latter  is  diluted  with  water, 
the  equilibrium  is  disturbed,  and  endosmosis  tnkes  place,  by 
which  the  contents  of  the  globules  acquire  so  greatly  increased  a 
volume,  that  the  globules  burst  and  their  contents  are  dissolved  in 
the  water.  The  torn  membranes  of  the  globules  may  be  detected 
by  the  microscope. 

In  saline  solutions,  the  globules  do  not  absorb  water  any  more 
than  in  the  serum.  When  collected  in  a  filter,  the  globules  form  a 
red  mass  of  the  consistence  of  honey,  consisting  of  fibrine  and 
albumen,  the  latter  in  combination  with  the  coloring  matter.  In 
a  concentrated  solution  of  chloride  of  calcium,  the  globules  lose 
water  by  exosmosis,  and  contract  in  volume.  If  now  placed  in 
pure  water,  the  globules  again  swell,  and  burst,  forming  a  jelly 
which  dissolves  m  water.  The  solution,  on  standing,  deposits 
fibrine  in  white  membraneous  masses,  and  the  supernatant  liquid, 
when  boiled,  is  coagulated,  indicating  the  presence  of  albumen. 

The  coloring  matter  of  the  blood  is  contained  in  the  globules  in 
combination  with  albumen,  but  is  unknown  in  a  state  of  purity. 
The  compound  of  albumen  and  coloring  matter  is  of  a  deep  red 
color,  becoming  bright  in  contact  with  air  or  oxygen,  and  being 
rendered  nearly  black  by  carbonic  and  sulphurous  acids,  sulphur- 
etted hydrogen  and  sulphides.  Protoxide  of  nitrogen  gives  it  a 
purple  color. 

1  he  red  compound  gives  2  per  cent,  of  ashes,  of  which  ^  is 
peroxide  of  iron  ;  and  iron  is  uniformly  present  in  red  blood,  which 
18  the  only  animal  product  in  which  it  occurs.  This  iron  cannot 
be  detected  in  the  globules  or  their  contents  by  the  usual  tests,  but 
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after  passine  chlorine  through  the  red  solutton  tOl  the  color  is 
destroyed,  the  iron  may  he  detected  hy  ferrocyanide  of  potassium. 

When  the  red  compound  of  albumen  and  coloring  matter  above 
mentioned  is  moistened  with  oil  of  vitriol,  so  gi'adually  as  not  to 
become  warm,  a  pasty  mass  is  obtained,  which  attracts  moisture 
from  the  air  and  forms  a  red  jelly.  If  this  be  very  gradually  rub- 
bed up  with  pure  water,  it  contracts  into  a  dark  red  matter,  which 
is  surrounded  with  a  colorless  or  yellowish  liquid.  This  liquid  is 
found  to  contain  all  the  iron,  and  the  dark  matter,  when  calcined, 
leaves  a  white  ash  entirely  free  from  iron,  if  the  operation  has 
been  well  performed.  I  have  repeated  this  interesting  experiment, 
first  devised,  I  believe,  by  Sanson,  which  proves  that,  although  the 
red  compound  contains  iron,  yet  the  color  does  not  necessarily 
depend  on  that  metal ;  for  the  color  is  altogether  uninjured  by  the 
complete  removal  of  the  iron  just  described,  although  the  color- 
ing matter  actually  obtained  in  this  experiment  is  not  the  original 
colorinnr  matter  of  the  blood,  but  modified. 

The  hematosine  of  Lecanu  is  also  a  product  of  decomposition. 
It  is  prepared  by  means  of  diluted  sulphuric  acid,  alcohol,  and 
ammonia,  by  a  tedious  process.  It  is  dark  brown,  and  forms  red 
solutions  with  the  alcalies,  being  insoluble  in  water,  alcohol,  and 
ether.  It  contains  part  of  the  iron  of  the  blood,  but  as  some  kinds 
of  hematosine  contain  ^  or  ^  more  iron  than  otliers,  while  its 
properties  continue  the  same,  it  is  obvious  that  the  iron  does  not 
contribute  essentially  to  those  properties,  such  as  the  color.  Hem- 
atosine contains  6  to  8  per  cent,  of  iron. 

But  the  iron  serves  an  important  purpose  in  the  blood ;  and  we 
have  reason  to  think  that  it  is  present  in  the  form  of  oxide,  for 
sulphuretted  hydrogen  and  soluble  sulphides  cause  the  blood  to 
become  first  green  and  then  black,  owing  to  the  formation  of  sul- 
phide of  iron  —  a  character  indicating  either  the  oxide  or  some 
corresponding  compound,  and  not  a  compound  like  ferrocyanogen, 
in  which  the  sulphides  cannot  detect  the  iron.  Moreover,  we 
see  that  oil  of  vitriol  dissolves  out  oxide  of  iron ;  and  although 
alcalies  and  ferrocyanide  of  potassium  do  not  detect  it,  this  is 
owing  to  the  blood  being  an  alcaline  liquid,  and  to  the  presence  of 
so  much  animal  matter. 

It  is  from  the  blood  that  are  formed  the  tissues,  the  cells,  mus- 
cular fibre,  nervous  matter,  &c.,  &c. ;  and  we  may,  therefore, 
expect  to  find  some  relation  between  their  composition  and  that  of 
the  blood.  In  fact,  flesh,  or  muscular  fibre,  as  it  exists  in  the 
body,  including  vessels,  nerves,  fat,  <&c.,  has  exactly  the  same 
composition  as  the  blood  has  on  an  average  of  venous  and  arterial, 
or  a  mixture  of  both.  We  may,  therefore,  look  on  muscular  fibre, 
or  animal  flesh,  as  simply  blood  more  highly  organized. 

In  addition  to  the  substances  mentioned  above,  namely,  albu- 
men, fibrine,  coloring  matter,  and  salts,  blood  also  contains  fat. 


586  NUTBITION   OF   PLAKTS   AND    ANIMALS. 

apparently  cholesterine,  along  with  fatty  acids  and  a  peculiar  hi, 
called  sercline. 

The  normal  proportions  of  serum  and  clot  are  87  per  cent,  of 
serum  to  13  of  clot.  1000  parts  of  human  blood  contain  869*15 
of  serum,  of  which  790*37  are  water,  67*8  albumen,  and  10*98 
are  salts  and  fatty  matter :  along  with  130*85  of  clot,  containing 
125-63  albumen  and  fibrine  of  the  globules,  and  2*27  hematosine, 
(a  little  fatty  matter  and  traces  of  salts  being  present  in  all  three), 
also  2-95  of  fi brine,  separate  from  the  globules. 

Venous  blood  contains  more  water  and  fewer  globules  than 
arterial  blood. 

The  blood  contains  gases,  chiefly  carbonic  acid  and  nitrogen, 
which  it  gives  off  in  vacuo,  or  in  a  current  of  hydrogen.  It  is  said 
to  contain  free  oxygen,  but  this  seems  very  improbable,  when  we 
reflect  that  fibrine  absorbs  oxygen,  transforming  it  into  carbonic 
acid,  and  that  blood  is  instantly  altered  by  contact  with  oxygen. 
The  change  from  venous  to  arterial  blood,  from  dark  to  florid, 
depends  on  the  presence  of  oxygen,  but  also  requires  the  presence 
of  a  saline  solution.  Indeed,  a  similar  change  of  color  takes  place 
in  vacuo  if  the  clot  of  venous  blood  be  there  covered  with  a  pretty 
strong  solution  of  various  salts. 

One  chief  function  of  the  blood  is,  after  conveying  oxygen 
to  all  parts  of  the  system,  to  carry  to  the  lungs,  there  to  be 
exhalea,  the  carbonic  acid  formed  in  the  extreme  vessels.  For 
this  purpose  it  is  admirably  adapted,  from  the  fact  that  it  is  alca- 
line,  and  that  its  alcalinity  depends  on   the  phosphate  of  soda, 

POsJttq       >a  salt,  the  solution  of  which  absorbs  carbonic 

acid  better  than  a  solution  of  carbonate,  and,  when  in  contact  with 
air  or  oxygen,  gives  off  the  tokole  of  it,  whereas  a  carbonate,  if  it 
absorbed  as  much,  would  give  up  only  half  of  the  quantity 
absorbed.  This  important  property  of  phosphate  of  soda  has 
recently  been  demonstrated  by  Liebig ;  and  we  can  now  see  why 
potash  cannot  replace  soda  in  the  blood,  since  the  tendency  of 

potash  is  to  form  an  acid  phosphate,  POs   jaiTr)   f  Liebig  and 

Enderlin  have  also  proved  that  the  blood  does  not,  as  had  been 
asserted,  contain  carbonUte  of  soda. 

THS   NUTRITION   OF   PLANTS   AND   ANIMALS. 

The  animal  and  vegetable  kingdoms  of  nature  are  connected 
together  in  a  beautiful  system  of  mutual  dependence,  exhibiting 
a  perpetual  circulation  of  certain  elements  through  both,  the 
mineral  kingdom  being  the  point  of  departure  and  that  also 
where  the  circulation  terminates,  to  recommence  unceasingly. 

Plants  derive  their  nourishment  exclusively  from  the  mineral 
world.    It  is  clear  that  the  first  plants  must  have  done  so  ;  and 
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although  the  decaying  remains  of  fonner  plants  now  contribute  to 
vegetation,  we  shall  see  that  they  do  so  under  mineral  forms,  and 
not  essentially  :  they  promote  vegetation,  but  are  not  indispensable 
to  it. 

The  mineral  food  of  plants,  then,  consists  of  carbonic  acid, 
water,  and  ammonia,  all  of  which  are  obtained  from  the  atmo- 
sphere, and  of  sulphur  (sulphuric  acid),  phosphorus  (phosphoric 
acid),  alcalies,  earths,  salts,  and  metals,  all  derived  from  the  soil. 
Without  the  aid  of  the  matters  derived  from  the  soil,  the  most 
abundant  supply  of  carbonic  acid,  water,  and  ammonia,  is  of  no 
use.  But  if  a  soil  contain  these  necessary  substances,  plants  will 
thrive  in  it,  even  if  they  have  no  carbonic  acid  or  ammonia 
furnished  in  the  shape  of  manure  beyond  the  usual  atmospheric 
supply. 

During  germination,  oxygen  is  absorbed  and  carbonic  acid  pro- 
duced ;  starch  is  transformed,  probably  by  the  action  of  diastase, 
or  of  an  acid  developed  during  germination,  into  sugar  or  dextrine, 
which  being  soluble,  are  fitted  for  being  conveyed  to  all  parts  of 
the  plant.  Meanwhile  the  azoto-sulphurized  ingredients  of  the 
seed  also  become  soluble,  and  with  the  sugar,  &c.,  contribute  to 
the  formation  of  new  parts  destined  to  collect  food  from  the  air  or 
the  soil. 

The  leaves  and  roots,  as  soon  as  formed,  absorb  carbonic  acid 
from  the  air  and  from  the  soil.  Alcalies  are  at  the  same  time 
taken  up  by  the  roots,  and  with  their  aid  the  carbonic  acid,  under 
the  influence  of  light,  is  decomposed,  its  carbon  being  retained, 
while  its  oxygen  is  given  off.  At  the  same  time,  water,  ammonia, 
sulphuric  acid  (or  a  sulphate),  and  phosphoric  acid  or  phosphates, 
are  taken  up,  and  their  elements,  along  with  the  carbon,  give  rise 
to  fibrine,  albumen,  caseine,  <fec. 

It  is  probable  that  the  fixation  of  carbon  is  a  gradual  process, 
having  successive  stages ;  that  the  carbonic  acid  is  first  reduced  or 
deoxidized  so  far  as  to  yield  oxalic  acid  ;  thus  d  O4  —  O  =  Cs 
O3  :  that  oxalic  acid,  with  the  aid  of  water,  is  farther  reduced,  so 
as  to  yield  malic  or  citric  or  tartaric  acid  ;  thus,  C4  Oo  -f-^H  O 
=  C4  H2  Os  ;  and  C4  Ha  Os  —  O4  =C4  Ha  O4  :  this  last  form- 
ula doubled  is  that  of  anhydrous  malic  acid,  Cs  H4  Os.  From 
this  and  similar  compounds,  sugar,  CuHuOw,  starch,  CnHioOio, 
gum,  CisHmOio,  and  woody  fibre,  C12H9  O9  or  Cm  Hs  On,  are 
easily  deduced,  by  the  addition  of  the  elements  of  water  and  the 
elimination  of  oxygen.  Thus,  3  eq.  hydrated  malic  acid.  Cm  His 
Oao,  plus  6  H  0  and  minus  O12,  is  equal  to  2  eq.  dry  sugar  of 
grapes,  C24  H24  O24.  There  is  good  reason  to  think  that  the  chief 
function  of  the  alcalies  in  plants  is  to  promote  these  metamorphoses. 

Water  not  only  acts  by  its  elements,  but  also  as  the  indispensa* 
ble  solvent  through  which  the  whole  food  of  plants,  especially  that 
derived  from  the  soil,  can  alone  enter  them. 
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From  the  above  considerations  we  maj  draw  seTera]  usefol 
inferences. 

1 .  The  presence  of  decaying  vegetable  matter  in  the  soil  pro- 
motes vegetation  by  furnishing  a  steady  supply  of  carbonic  acid 
gas.  The  proportion  of  decaying  matter  or  humus  must  not 
exceed  a  certain  limit ;  otherwise  there  is  too  much  carbonic  acid 
in  the  air  of  the  soil,  and  the  plant  dies  in  such  circumstances. 

2.  The  presence  of  decaying  azoto-sulphurized  matter  in  the 
soil  is  very  advantageous,  furnishing  a  supply  of  ammonia,  which 
is  essential  to  vegetation,  and  is  scantily  supplied  by  the  atmos- 
phere. 

3.  The  supply  of  carbonic  acid  and  that  of  ammonia  can  only 
favor  the  development  of  vegetation  in  so  far  as  alcalies,  silica, 
phosphates,  and  sulphates  are  supplied  by  the  soil. 

4.  Since  all  the  azoto-sulphurized  principles,  albumen,  fibrine, 
caseine,  <&c.,  contain  sulphur  and  phosphorus,  or  rather  phos- 
phates, it  is  evident  that  seeds  and  such  other  parts  of  plants  as 
contain  these  principles  can  only  be  developed  in  so  far  as  the  soil 
contains  alcahne  or  earthy  phosphates  and  sulphuric  acid  or 
sulphates. 

5.  If  the  soil  be  rich  in  alcalies,  sulphates,  and  phosphates,  and 
if  it  also  contain  soluble  silicates,  essential  to  the  stem  of  the 
grasses  and  cerealia,  it  is  fertile  for  all  nutritious  crops  ;  and  such 
crops  will,  in  that  case,  derive  from  the  atmosphere  alone,  all  the 
carbon  and  nitrogen  (carbonic  acid  and  ammonia)  they  require, 
provided  time  be  allowed.  The  advantage  of  decaying  organic 
matter,  or  of  manures  containing  ammonia,  in  such  a  soil,  consists 
in  shortening  the  time  necessary  for  the  development  of  the  plant ; 
a  matter  of  the  last  importance  in  our  uncertain  climate,  but  of  far 
less  consequence  in  southern  regions,  where  summer  is  perhaps 
twice  as  long. 

6.  The  ashes  of  wood,  straw,  leaves,  <&c.,  consisting  entirely 
of  matter  extracted  from  the  soil  by  the  plants  for  the  purposes 
of  vegetation,  must  prove  a  most  fertilizing  manure  ;  and  in  all 
cases  the  ashes  of  any  crop  must  be  the  best  manure  for  that 
vegetable. 

7.  But  as  the  ashes  of  plants  are  represented  by  the  excreta  of 
the  animals  (or  the  ashes  of  these  excreta)  which  fed  on  them,  so 
the  excreta  of  animals  fed  on  turnips,  hay,  straw,  potatoes,  &c., 
must  be  the  best  manure  for  turnips,  hay,  com,  and  potatoes 
respectively. 

8.  When  by  the  addition,  to  an  average  soil,  of  guano,  or  of 
bone  earth,  a  heavy  crop  is  obtained,  say  of  wheat,  we  are  not  to 
expect  that  a  repetition  of  the  same  treatment  will  produce  the  same 
effect.  We  must  bear  in  mind,  that  the  presence  of  the  increased 
^pply  of  phosphates  has  enabled  the  plant  to  take  up  a  much 

^r  quantity  than  otherwise  it  could  have  done,  of  alcalies. 
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■ilical«s,  and  the  other  necessary  minemls.  Since  we  hftv«  not 
added  those  substances  in  our  guiino  or  bone  earth,  it  may  happen 
that  the  soil  is  exhausted  of  its  whole  actually  available  supply 
of  them  by  that  one  crop,  and  that  years  may  elapse  before  it 
becomes,  in  the  course  of  nature,  as  fertile  as  before. 

9.  The  only  certain  rule  is  thia  ;  as  far  as  possihle  to  restore  to 
the  soil,  in  the  shape  of  manure,  exactly  what  it  has  lost  in  the 
erop  ;  if  the  soil  were  originally  fertile  thit<  will  maintain  its  fertility, 
which  will  even  be  gradually  augmented  by  the  action  of  the 
weather  on  the  soil  and  subsoil. 

10.  With  a  view  to  this,  every  particle  of  solid  or  liquid  manure, 
especially  human,  should  be  preserved  with  the  utmost  care.  It 
is  their  mineral  elements  which  are  the  most  valuable  ;  and  since 
these  have  all  come  from  (he  soil,  in  preserving  them  for  manure 
we  are  only  restoring  what  we  have  taken  away.  This  has  long 
been  syslemaUcally  done  in  China,  and  is  also  generally  practised 
in  the  Netherlands  ;  but  in  this  country  the  waste  of  valuable 
manure  is  lamentable,  and  is  necessarily  followed  fay  a  slow  but 
certain  deterioration  of  our  soil  and  crops,  which  we  are  now 
endeavoring  to  remedy  by  the  expensive,  precarious,  and  partial 
measure  of  importing  bone  earth  and  guano.  But  guano  will,  ere 
long,  be  exhausted  ;  and  when  other  countries  know  the  real  value 
of  their  bone  earth,  they  will  not  willingly  part  with  it,  at  all 
events  not  except  at  a  very  high  price. 

11.  If  a  soil  is  not  fertile  generally,  it  must  be  deficient  in  most 
of  the  substances  above  alluded  to  ;  but  if  it  yields  good  crops  of 
one  vegetable  and  not  of  others,  it  must  be  wanting  in  the  charac- 
teristic mineral  elements  of  (he  latter,  which  must  then  be  supplied. 

12.  The  ashes  of  plants  being  known,  the  fact  that  a  certain 
vegetable,  cultivated  or  wild,  thrives  in  any  giveu  spot,  fumiahea 
us  with  an  analysis  of  the  available  or  soluble  elements  of  the  soil, 
and  enables  us  to  direct  our  measures  of  improvement  according 
to  the  crop  we  wish  to  raise. 

Although  certain  bases  characterize  the  ashes  of  certain  plants, 
as  potash  does  those  of  turnips  and  potatoes,  and  lime  those  of 
peas,  beans,  &c. ;  yet  in  many  cases,  one  base  may  be  substituted 
for  another,  as  soda  for  potash,  or  magnesia  for  lime. 

It  is  maintained  by  some  that  carbon  is  introduced  into  plants, 
in  part,  as  humus,  humie  acid,  or  humate  of  ammonia,  dissolved 
in  the  juice,  and  derived  from  the  mould  in  the  soil.  But  there 
is  no  evidence  (hat  fertile  soils  contain  humus  in  a  form  soluble 
in  water,  and  the  sap,  when  first  entering  the  plant,  is  colorless, 
while  all  solutions  of  humus,  &c.,  are  brown.  Besides,  in  forest 
land,  which  is  not  manured,  the  proporUon  of  humus  or  of  carbon 
in  the  soil,  instead  of  diminishing,  rather  increases,  while  enor-  ■ 
mous  quantities  of  carbpn  are  removed  annually  in  the  shape  of 
wood.    Here,  as  in  llie  case  of  the  first  ""fffii'^'''''''  \i  Jfl  nliJ"  ""* 
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all  the  iocrense  of  carbon  must  be  derived  from  earbonic  acid  : 
sinco,  if  the  plant  docs  absorb  liumiis  or  humic  acid,  or  humate 
of  ammonia,  which  there  is  nn  jtroof  that  \i  does,  it  must  give  to 
ihi-  soil  as  much  or  more  humus,  itc,  iis  :in  txcrclion  from  ils 

It  has  also  been  nr>niod  by  some  that  plantu  may  obtain  their 
nitriv^cn.  either  directlr  by  absorption  of  the  nitrogen  of  the 
nimcK^phere.  or  by  causing  thai  gas  to  form  ammonia,  combining 
with  hvdn^n  derived  probably  from  water,  Ac. ;  or,  lastly, 
6v>m  ilic  diVimpo^uon  of  nimo  acid,  which  acid  is  sapposed  to 
l>i>  lorait'd  in  the  ainK«pbcr<r  by  direct  combtnation  of  its  ele- 
Mrnis.  But  tM  cvid«'aor  ha$  ^-yer  bevn  given,  either  that  plants 
*an  atisv'.rti  r.iuvyf*  di?«rt3y,  <*  thai  ibey  t*a  csnse  the  nitr<^n 
rf  th*  aiM.ts]<WiV'  iv>  <v>Mi>i«e  *Hii  b«Jr»»eB.  As  for  nitric  acid, 
swtJh^c*  i»*or»  .^  w  I'-a'tv  *■<*■  .*9crv«J  w  thunder-storms,  it 
Av«  *►,■-«  *f*'rtw  ».*  W  fttraMsi  in  ^ufficieotly  large  quantity  ;*  and 
it  H  si-^v^'dk^  nwf  kks  yiH  be«n  offered  that  plants  can  derive 
rtwt!  inNnyitai  tev"**  i*.  ifhe  artioa  of  ntn«le  of  potash,  or  of  soda, 
««  WjtSMn-.  y^^iv^  nothing,  because  it  may  be  due  to  the  alcalies 
mX-«^  A»>i  tn<64ihlr  is  co,  since  llicy  do  not  »ecm  to  act  better 
ikMK  ><<tKr  Atlcs  of  the  same  bases.  Moreover,  many  plants,  snch 
wt  •v'^<.\'\>.  and  snnflowers,  contain  much  nitrate  in  their  j  nicest, 
iMnt  ihiTvIore  appear  rather  to  form  nitric  acid  than  to  destroy  it. 
i^t  the  whole,  it  appears  nearly  certain  that  ammonia  is  the  only 
«^<«rw  or  nitrogen  in  plants.  It  is  self-evident  that  the  atmos- 
jfttvt*  must  contain  ammonia,  derived  from  the  putrefaction  of 
animal  and  vegetable  matter,  and  also  that,  however  small  the 
proportion,  the  absolute  quantity  in  the  air  at  any  one  ume  must 
be  sufficient  for  the  supply  of  the  vegetable  world,  and  through  it 
of  the  animal  world,  since  all  animals  and  vegetables  ultimately 
putrefy,  giving  olf  their  nitrogen  in  the  form  of  ammonia.  It  is 
quite  easy  to  detect  ammonia  in  rain-water,  by  which  means  it  is 
conveyed  to  the  roots  or  leaves  of  plants  ;  and  it  has  also  been 
proved  that  the  juices  of  plants  contAin  abundance  of  ammonia. 

The  nntriUuus  principles,  albumen,  fibrine,  and  caseine,  are 
formed  by  plants  alone  from  ammonia,  sugar  (or  gum,  starch, 
Ac),  sulphates,  and  phosphates,  They  pass  into  the  body  of 
animals,  and  are  there  converted  into  blood.  As  they  cannot 
be  formed  nor  exist  without  the  phosphstes,  so  by  their  means  the 
animal  body  Is  supplied  with  bone  earth,  and  with  the  soluble 
phosphates  necessary  for  the  other  tissues. 

■  In  Tacl,  the  proporllon  of  nitric  acid  Ihus  farmed,  ia  so  very  nn&li  u  (a 
iMid  to  llie  cancluslon  that  it  is  fonned  onlj'  Trom  the  ammonia  preaent  In  the 
•tmoaphere.  Should  thia  prove  true,  lu  is  highly  probable,  tlien  ammouia 
will  be  llie  source  of  all  the  Dilrogeo  of  plants,  even  If  pail  of  thai  nilro^ea 
thould  be  derived  from  nitric  acid.  It  is  generDlly  admitted  that  In  nltri^- 
ItM  the  whole  of  the  nitric  acid  ii  derivod  tMm  tne  oxidatlo-  -* '- 
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In  tbe  animal  bo4Jy,  the  leading  and  ch&racteriBtic  action  is  the 
absorption  of  ox^'gen  and  the  oxidaljon  of  the  tissuea :  that  ia,  of 
carbon  and  hydrogen,  so  thnt  animals  take  up  oxygen,  and  give 
out  carbonic  acid.  This  is  the  reverse  of  what  occurs  in  plants, 
which  absorb  carbonic  acid,  and  give  out  oxygen. 

In  the  lungs,  oxygen  enters  tlie  blood,  and  is  carried,  appar- 
ently, by  the  agency  of  ii  compound  of  iron,  to  every  part  of  the 
body,  The  oxidation  of  the  effet«,  or  worn-out  tissues,  which 
bmve  meanwhile  been  replaced  by  the  blood,  takes  place  in  the 
capillaries,  and  is,  in  all  probability,  the  source  of  the  animal  beat. 
The  final  result  of  this  oxidation  is  the  production  of  a  larjre  quan- 
^ty  of  carbonic  acid  and  water,  which  are  given  off  by  tie  lungs 

Health,  in  the  animal  body,  consists  in  tlie  due  balance  or 
equilibrium  between  the  oxidizing,  or  destructive  agency  of  the 
atmosphere,  and  the  process  of  nutrition  by  which  the  other  is 
compensated.  • 

Since  the  nutritious,  or  blood- form inji;  elements  of  food,  have 
the  same  compoeition  as  the  albumen,  tibrinc,  &c.,  of  the  tissues 
—  indeed,  in  the  case  of  animal  food,  are  idenUcal  with  Ihem^ 
ire  may  consider  the  process  of  oxidation  and  destruction,  either 
■a  affecting  the  food  directly,  or,  what  is  more  probable,  those 
portions  of  the  tissues,  which,  having  performed  their  functions,  are 
to  be  thrown  off.  But  we  must  not  forget  that  in  the  herbivora, 
s  great  part  of  the  combustion  which  yields  the  animal  heat  ia 
carried  on  at  the  expense  of  those  parts  of  tbe  food  which  cannot 
form  blood  ;  namely,  sugar,  starch,  or  gum,  fat,  &c. 

The  fat  of  the  animal  body  is,  at  all  events  in  great  part,  derived 
from  the  non-azotiied  elements  of  tbe  food  when  these  are  in 
excess,  and  oxygen  ia  deficienL  In  these  circumslAnces,  the  defi- 
ciency of  oxygen  is  supplied  at  the  expense  of  sugar,  starch,  or 
gum,  which  by  losing  oxygen,  gives  rise  to  fat;  for  tne  proportions 
of  carbon  and  hydrogen  in  sugar,  Sec,  and  in  fat,  are  exactly  the 
■ame,  that  of  oxygen  alone  being  different.  Hence  the  conditions 
favorable  to  the  formation  of  fat,  are  abundant  farinaceous  food, 
and  rest,  that  is,  defective  aeration,  as  is  seen  in  stall-fed  animals, 
and.  in  the  fattening  of  geese  fed  on  maiie  and  deprived  of  the 
power  of  locomotion.  The  formation  of  wax,  a  species  of  fat, 
Irom  sugar  by  the  bee,  is  another  example. 

The  greater  part  of  the  effete  nitrogen  is  given  off  in  the  form 
of  urea  ;  while  the  carbon,  with  part  of  the  nitrogen,  the  sulphnr, 
and  the  soda,  take  the  form  of  bile.  Tbe  bile  underzoes  resorp- 
tion in  the  intestines,  and  is  oxidized  or  burned,  yielding,  as  on 
intermediate  product,  lactic  acid,  which  we  find  playing  on  impor- 
tant pnrt  in  tbe  gastric  juice  and  the  juice  of  flesh,  but  of  wnich 
DO  trace  reaches  the  kidneys.  The  combnsdtm  of  the  bile  is  ono 
sliief  source  of. the  animal  beat. 
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The  phosphates  of  the  food,  being  brought  in  coatact  with  salts 
of  potiiMsium  and  sodium,  yield  with  the  former  the  acid  phosphate 
of  potash,  characteriHtic  of  the  juice  of  flesh  and  the  gastric  juice, 
and,  with  the  latter,  the  alcaline  phosphate  of  soda,  which  gives 
its  ch<'irHct<,^r  to  the  blood,  and  conveys  the  carbonic  acid  to  the 
lungs. 

Am  was  formerly  hinted,  the  acid  juice  of  flesh  and  the  alcaline 
blood,  separated  by  membrane,  and  in  contact  with  nerve  and 
muscle,  appear  to  produce  electric  currents,  the  importance  of 
which  cannot  as  yet  be  fully  appreciated,  but  the  existence  of  which 
is  certain. 

The  food  of  animals  may  thus  be  said  to  be  literally  burned  in 
their  bodies,  and  this,  as  in  the  case  of  other  combustibles,  for  the 

turpose  of  producing  heat.     The  gaseous  products  of  the  com- 
ustion  are  sent  off  through  the  skin  and  lungs,  while  the  smoke, 
soot,  and  ashes  are  represented  by  the  excrements  and  urine. 

The  food  required  by  animals  must  bear  a  certain  relation  to  the 
waste  of  matter,  and  to  the  heat  required.  Thus,  a  hard-working 
man,  in  whom  the  change  of  matter  is  rapid,  requires  much  more 
food  (blood,  or  proteine  compounds)  than  a  sedentary  person  ;  and 
in  cold  climates  a  much  larger  quantity  of  food  rich  in  carbon, 
especially  fat,  blubber,  and  similar  matters,  is  necessary  than  in 
warm  climates,  where,  indeed,  such  food  excites  invincible  repug- 
nance. Any  misproportion  in  the  amount  or  nature  of  the  food 
has  a  tendency  to  induce  disease.  Thus,  Europeans,  who  often 
eat  and  drink  as  at  home  when  they  go  to  tropical  countries,  pay 
the  penalty  of  their  ignorance  in  the  very  frequent  liver  complaints 
observed  amon?  them.  For  the  same  reason,  hepatic  disease  is 
more  frequent  during  summer  than  during  wmter. 

After  death,  the  animal  body  is  slowly,  but  surely,  resolved  into 
the  ultimate  products  of  putrefaction,  namely,  carbonic  acid,  water, 
and  ammonia,  which  rise  into  the  atmosphere,  having  completed 
the  circuit  through  which  we  have  traced  them,  in  order  to  recom- 
mence it  by  once  more  contributing  to  the  growth  of  plants  on 
which  animals  will  a^ain  feed. 

The  bones  of  dead  animals  are  also  by  degrees  restored  to  the 
soil  from  which  they  are  taken  ;  and  nothing  is  finally  lost.  Even 
the  rich  manure  which  we  recklessly  cast  into  the  sea,  serves  as 
nourishment  for  sea-plants,  on  which  are  fed  fish,  which,  in  their 
turn,  become  food  tor  sea- fowl,  the  excrements  of  these  last,  in 
the  shape  of  ffuano,  returning  to  fertilize  the  fields  from  which 
their  mineral  elements  were  perhaps  originally  taken. 

It  is  evident  that  there  must  be  a  balance  or  equilibrium  kept 
up  between  the  animal  and  vegetable  worlds.  For  the  atmosphere 
in  which  both  live  does  not,  at  least  perceptibly,  change  in  its 
composition.  Inhere  is  no  appearance  either  of  increase  or  diminu- 
tion, in  the  proportion  of  oxygen,  or  in  that  of  carbonic  acid.     Yet 
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we  know  ihat  animal  life  tends  directly  and  powerfully  to  increase 
the  proportion  of  carbonic  acid,  and  to  diminish  that  of  oxygen, 
while  the  tendency  of  vegetable  life  is  exactly  the  reverse.  Hence, 
if  in  any  quarter,  population  or  animal  life  extends,  a  correspond- 
ing augmentation  of  vegetable  life  must  somewhere  be  the  result ; 
or  if,  by  cultivation,  the  amount  of  vegetation  in  any  quarter  is 
increased,  the  inevitable  consequence  must  be  an  extension  of  ani- 
mal life,  otherwise  the  air  would  become  richer  in  oxygen.  Am 
both  carlxmic  acid  and  ammonia  are  partly  supplied  to  the  atmos- 
phere from  the  earth  itself,  not  merely  from  tne  decay  of  organic 
matter  at  the  surface,  but  from  great  depths,  as  for  example  in  hot 
springs,  so  we  may  conceive  the  absolute  amount  of  caroonie  aeld 
and  ammonia  on  the  surfEu^e  of  the  earth  and  in  the  ateoapbesl^ 
to  be  somewhat  greater  now  than  some  thousand  years  ago.  If 
not,  then  the  increase  of  animal  and  vegetable  life  in  One  part  m 
the  globe  must  necessarily  cause  a  diminution  of  one  or  ooth  in 
some  other  part,  since,  at  all  events,  the  atmosphere  becomes 
neither  richer  nor  poorer  in  carbonic  acid  and  ammonia.  Should 
an  addition  of  these  substances  be  made,  they  would  instantly  be 
appropriated  by  the  vegetable  kingdom,  and  converted  into  food 
for  animals,  of  which  an  additional  number  would  soon  be  pro- 
duced by  the  increased  supply  of  food ;  and  thus  the  aggregate 
amount  of  animal  and  vegetable  life  might  be  increased,  while  the 
composition  of  the  atmosphere  remained  unchanged,  the  vegeta- 
ble world  exactly  balancing  the  animal,  because  each  produces 
the  food  of  the  other,  as  the  necessary  result  of  its  own  existence. 


Such  is  a  very  brief  and  general  sketch  of  the  chemistry  of 
animal  and  vegetable  life,  as  far  as  we  are  at  all  acquainted  with 
it.  It  is  only  within  a  very  short  time  that  this  department  of 
science  has  been  properly  cultivated,  but  the  results  already 
obtained  are  most  important  and  highly  encouraging.  When  we 
reflect  that  the  processes  by  which  carbonic  acid,  water,  ammonia, 
and  the  salts  of  the  soil  are  made  to  assume  the  forms,  first  of 
vegetable  and  then  of  animal  tissues,  as  well  as  those  by  which 
these  tissues  are  again  resolved  into  the  elements  of  which  they 
were  formed,  are,  and  must  be,  purely  chemical  processes  of 
combination  and  decomposition,  governed  by  the  laws  of  chem- 
istry as  ascertained  by  observation  and  experiment,  but  modified 
by  the  vital  force,  it  is  easy  to  see  that  from  the  assiduous  study 
of  the  chemical  changes  going  on  in  plants  and  animals,  in  health 
and  in  disease,  we  may  confidently  expect  the  most  beneficial 
results.  All  that  has  hitherto  been  done  has  only  pointed  out  the 
path  to  be  followed  in  order  to  obtain  valuable  and  permanent 
results.  But  enough  has  been  gained  to  satisfy  all  who  are 
acquainted  with  the  actual  state  of  physiology,  that  henceforth,  it 
50 
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is  chiefly  to  chemistry  that  we  most  look  for  the  exteMon  and 
improvement  of  physiolomcal  science.  We  see,  for  example,  from 
the  facts  recently  ascertained  in  regard  to  the  phosphates  of  potash 
and  of  soda  in  the  juice  of  flesh  and  in  blood,  that  it  is  necessary 
to  study  the  most  minute  and  apparently  insignificant  properties  of 
such  acids  and  bases  as  occur  in  the  organic  world  ;  since  thtf  dif- 
ference in  the  relations  of  these  two  alcalies  to  phosphoric  acid, 
long  since  pointed  out  by  Graham  in  his  admirable  researches  on  the 
phoqihates,  and  looked  upon  as  a  matter  merely  of  scientific  curi- 
osity, has  lately  been  shown  to  be  the  foundation  of  the  distinctive 
properties  of  the  two  important  fluids  just  mentioned.  The  same 
mnark  q>p1ie8  to  the  relation  of  phosphate  of  soda  to  carbonic 
iMd ;  and  this  lesson  is  the  more  impressive,  from  the  fact  that 
potash  and  soda,  which  in  these  instances  differ  so  widely,  in  many 
other  cases  replace  each  other  without  material  change  of  proper- 
ties in  the  compound.  It  is  not,  therefore,  surprising,  that  already 
a  knowledge  of  chemistry  is  admitted  to*  be  indispensable  to  the 
physiologist ;  and  before  long  this  opinion  will  be  so  &r  acted  on, 
that  no  one  who  is  not  well  versed  in  chemistry  will  venture  to 
write  on  physiological  subjects. 
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Acid,  Sbodlionlc 39t 

Rotcellic 449 

Roaolic 543 

Rubloic 439 

S«>:bBrio 40T 

Sacchnlmlc 40G 

BallcTllo 361 

Salicyloua 360 

Sebaclo 457 

Salenlc 133 

Selenlom 133 

Silicic IM 

Sillcofluotic )4I 

Solanic 4M 

Stearic 4tf 

Suberic 455 

Succinic 455 

Sulpbamyllc 493 

Sulphocamphlc 448 

Sulpbocainphorle 447 

Sulphocelylio 433 

Sulphocyaalc 317 

Snlphoglycerlc 434 

SBlphalodirotlc 4SG 

Sulpbomeailylic 400 

Sulphomethyllc 41G 

Salpbopbuilc 506 

Sulpbopurpuric 46S 

Suiplioncchartc 405 

Sulpburetled  bypoaalpburie.  115 

Sulphuric 110 

oDbydroni 110 

fumlDg 119 

Sulpburoua 109 

Sylvio 47S 

TiiQacetlc 464 

Tanolc 436 

Tannlainnlc 439 

Tartaric 428 

■Dhydiaua 431 

Tartrallo 431 

TartrBllc 431 

Telluric 217 

TBllurooa 317 

TbioQurlc 335 

Titanic 316 

Taanlic 311 

Urarailic 336 

Uric 337 

U«nic 482 

VbccIdIc 445 

Valoriaalc 493,  44d 

Vanadlc 309 

Veratric 447 

Xanlblc 380 

Xantbopenk 506 

DeiiniUoDof 38,117,334 

Theory  of 116,331 
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PAAK. 

AcidSf  nomenclatore  of 67 

hydrated 117, 234,  277 

hydrogen 28,  117, 234,  277 

orgauic 277 

coupled 279 

mouobasic 236,  277 

bibaslc 234, 277 

Iribasic 234,277 

polybMic 234,  278 

fatly •  •  •  •  450,  aeq. 

volatile  oily 259,  443,  seq. 

Acidulous  waters 75 

Aoonitic  acid 427 

Aconitine 509 

Acroleine,  see  AeryU. 

Acryle 460 

tiydrated  oxide  of 460 

Acrylic  acid 460 

Adipic  acid 458 

Affinity 27 

Agriculture,  chemistry  of . .  586,  seq. 

Air,  atmospheric 77 

its    functions    in  vegetation 

587,  seq. 

Alabaster 237 

Albumen,  animal 562 

vegetable 557 

its  composition 563 

Albuminous  substances 555 

Alcohol 373 

absolute 374 

products  of  oxidation  of 383 

action  of  chlorine,  5lc.,  on  .  394 

Aldehydammonia 386 

Aldehyde 385 

resin  of 385 

Aldehydic  acid 387 

Aletrin 474 

Algaroth,  powder  of 214 

Aliiarine 475 

Alcali 86 

volaUle 86 

Alcalies 28 

essential  to  vegetation. .  587,  seq. 

Alcaloids,  natural 500 

artificial 514 

Alkarsine,  see  Oxide  of  CacodyU. 

Allantoine 328 

Allophanate  of  oxide  of  ethyle. .  380 

Alloxan 329 

AUoxanic  acid 331 

Allotropic    modification    of   ele- 
ments  134 

Alloys 232 

Allyle,  and  iU  sulphide 469 

sulphocyanide  of 469 

Almonds 343 

oil  of  bitter 343,  357 


Aloes,  action  of  nitric  acid  on. . .  496 

Alpha  resins 471 

orceine 482 

Althionicacid 383 

Alum 239 

varieUes  of 59,  239 

Alumina 179 

acetote  of 391 

mellitote  of 292 

sulphate  of 237 

Aluminum 178 

Amaphenase,  see  Aniime. 

Amarine 350 

Amary  thrine 482 

AmaMtine 492 

Amber,  and  oil  of 456 

Ambreine 464 

Ambreic  acid 464 

Amide  or  amidogen 85,  280 

Amilene 424 

Ammelide 322 

Ammeline 322 

Ammonia 86 

acetate  of 391 

anomalous  cyanate  of 300 

benxoate  of 343 

bimalate  of 434 

carbonate  of 247,  281 

cyanate  of,  basic 300 

dialurate  of 338 

hydrosulphide  of 120 

niellitate  of 292 

nitrate  of 240 

oxalate  of 289 

oxalurate  of 335 

phosphate  of,  and  magnesia.  244 

sulphate  of 237 

thionurale  of 335 

salts  of 88 

solution  of 87 

use  of,  as  a  manure. . . .  587,  seq. 
is    always    present  in    the 

atmosphere 590 

Ammoniac,  ml 86 

Ammoniacal  amalgam 88 

Ammonialdehyde 386 

Ammonium 88 

amalgam  of 88 

oxide  of 88 

theory  of 88 

sulphide  of 119 

Ampcline 553 

Amygdaline 356 

Amyfe 422 

hydrated  oxide  of 422 

compounds  of 423 

Anchusioe 475 

Anemonine 471 


ABmlieioe 479 

AoRydrits 337 

Aalllc  acid 3G3 

Anlllae 480,494,516 

area 516 

AnImBli,  Dotrilion  of 590 

AqImi  oil  of 467 

AniM>iiu M9 

Aulsole 449 

Anthracem 553 

Anthranllic  acid 494 

Antbrina 477 

Antimony 213 

•i!M|uloxlde  of. aia 

cblorides  of 313 

oiychlotida  of SI4 

■ulphldeof SI4 

oxjmiphide  of 314 

aod  potasb,  tarlnte  of 439 

AnliwpliM 375 

Aporeliiw 473 

Apyrlue 513 

AiguB  ammoula 

Arbor  DiaotB 

Archil 

ArlciQB 

Anow-Toot 

ArHDlalea 

oiLiAiaof'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 
chlorides,  BulphldiB,  Ice.  of. .  305 

testa  for 301 

detecllon  of,  in  mixed  fluids.  301 

Arteniuretlsd  hydrogen 306 

A«roue 470 

AepBnglae 478 

AspHramlde 478 

Aaanfoclids,  oil  of 

AlDiDepheric  air 

phyaical  properties  of 

couUIds  ammoula 

78, 86,  381 
carbonic  acid. . .  78,  BG,  381,  590 

anBlyels  of 

proporlloD  of  oxygen  end  cai 
boiilc  acid  iu,  elwuye  Ih 
name 79,593 

fiincllou*  of,  In  vegetation. . .  586 

weight  and  preaenre  of 78 

Atom,  definition  of 43,  44 

Atomic  theory 

weights,  how  aacerlained  . . 

i«bUof 


Atropine 508 

Atlrutlon,  chemical 37,39 

Attraction  of  coheaion 37,  99 

Aiobenzlde 348 

Aiobenioldo 359 

Aiobenzoyls 349 

AlolltmioB 483 

Aiole,  aee  JVtfni^R. 

Aiolli«d  prodncta  of  anloula'and 

vegetable! 555 

B. 

B^LaAH  or  Piao 368 

of  Tola 368,471 

Barilla 167,  34S 

Barium 179 

oiide  of,  or  baryta 179 

chloride  of 173 

iulphideof 173 

Baiyla 172 

hydrate  of 173 

carboaale  of 347 

sulphate  of 337 

teata  of 173 

Bases,  organic  oi  olcololdi 499 

BTtilfoiBl 514 

volatile  oily 516 

of  oil  of  mustard 4SS,  530 

of  cinchona  bark 503 

of  the  Papeveracen 503 

of  the  Solanacea,  Su: 507 

of  coal-tar 495,533 

derived  from  aniline 495 

containing  chlorine,  &c.  . . .  495 

fioBHriae 530 

Bebeetlno 513 

fiellmeUl 333 

Benzamldo 344 

Beoi^ae 347 

Benihydnmlde 349 

Baniila 353 

BeDillle  acid 35S 

Beniimlde 351 

Benilne 347 

Benzontea 343 

Benioeoe 473 

Beniolne 35) 

Benioinamide 351 

Benzole 347 

chloride  of 348 

Benioloue 350 

Beuzone 349 

Beniostilblno 349 

Beuioyle 343 

chloride,  &c,  of 344 

hydurel  of. 343 

formation  of  hydurel  of ... .  357 
benzoale  of  byduret  of 34S 
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Beta  orceine 482 

Beta  resiiiB 471,  aeq. 

Bibromisatine 489 

Bibromisatyde 489 

Bichlorisatine 488 

Bichlorisatyde 489 

Bicyauide  of  mercury 308 

Bile 569 

itft  constitution 569 

products  of  decomposition  of  57 1 

function  of 59l 

origin  of 591 

Biliary  calculi 572 

Bilifellic  acid 570 

Biline 570 

Biniodide  of  phosphorus 133 

Binitrobenzide 348 

Bismuth 215 

oxides  of»  6lc 215 

tests  of 215 

Bisoccinamide 456 

bisulphide  of  carbon 141 

Bitartrate  of  potash 429 

Bitter  almonds,  oil  of 343 

theory  of  its  formation 356 

Bituminous  schist 553 

BlaclL  lead  or  plumbago 135 

Black  oxide  of  iron 188 

Bleaching  powder 96,  241 

Blende 193 

Blood,  coagulation  of 583 

composition  of 586 

uses  of    the  globules ;    the 
phosphate  of  soda,  and  the 

iron  of 584 

Blowpipe,  oxy  hydrogen 70 

Blue,  Prussian,  its  formula 312 

Blue  coloring  matters 476 

vitriol 238 

Boa  constrictor,  urine  of 326 

Boletic  acid 464 

Bdoretiue 554 

Bone  earth 244,  568 

dust  as  a  manure 588 

Bones 568 

Boracic  acid 142 

Borates 246 

Borax 246 

Borneo  camphor 448 

Borofluorides 143 

Boron 142 

terchloride  of 143 

Brain  and  nervous  matter 573 

Brass 232 

Brazilwood 476 

Bromachlonaphtose,  &c. 548 

Bromaniline 518 

Bromic  acid 103 


Bromide 153 

Bromine 101 

Bromisatine 488 

Bromobenzoic  acid 347 

Bromohelicine 366 

Bromophenisic  acid 496 

Bromosalicylic  acid .363 

Bronaphtase,  &c 547 

Bronze 339 

Brucine 5]  1 

Bryonine 477 

Butter,  volatile  oily  acids  of 445 

proportion  of,  in  milk 566 

Butyric  aoid 444 

ether 444 

fermentation 412 

C. 

Cacodylb 400 

compounds  of 328,  seq. 

Cacodylic  acid 401 

Cadmium ]93 

oxide  and  tests  of 193 

sulphide  of 193 

Caffeic  acid 464 

Caffeine  or  Theiue 513 

Calamine 191 

Calcium 175 

oxide  and  tests  of 175 

chloride  of 175 

fluoride  of 176 

Calculi,  biUary 572 

urinary 589 

Calculus,  fusible 583 

mulberry 583 

uric  acid 582 

cystic  and  xantliic  oxi^ 583 

Calomel 222 

Camphogen 448 

Camphor 447 

Borneo 448 

oil  of 448 

artificial 466 

Camphoric  acid 448 

Camwood 476 

Cane  sugar 403 

Cantharadine 471 

Caoutchine 471 

Caoutchouc 471 

Capnomor 538 

Capric,  caproic,  and  caprylic  acids  445 

Capsicine 512 

Caramel 406 

Carapiue 511 

Carbamate  of  oxide  of  ethyle 382 

Carbanilide 518 

Carbazotic  acid,  see  Picric  Acid, 

Carbolic  acki 541 

Carbon  135 


Cirbon,  chlaridw  o! 141 

compoundi  af,  witb  oxygen.  1I}6 

hydrogan 139 

Dilrogen 140 

■alphur 141 

Cnrbonule* 346 

Corbaulc  wld 137 

ua  put  or  Ihe  rood  or  pUaU .  586 
docompcMed  by  planU  ......  5U6 

Carbonic  etbar 3T9 

oxide 136,287 

Cart>uretlad  bydiogen 139 

Carmine 4'JS 

Cartilege 567 

Cnryopliylline 450 

Cuk^itie,  auiinal 564 

vegeLabte 557 

CoKaiiit  oxide 561 

CuBiuB,  purple  of itlS 

Cortoroil 459 

Cuatorine 4<i4 

Cnlecbiae 439 

Caleehu 433 

Cmliaitine 47T 

Cedritel 539 

Celeatlne 237 

Cerebric  acid ST3 

Cetlum 215 

Ceroslne 464 

Cerusae 249 

Celine 453,464 

Cctniiiue 477 

Celyle,  oxide  of,  JLC 433 

Cetylicacid 422 

Chieropbylliue 514 

Cbolli 247 

Cbnlybeute  walen 75 

Clurceul I!i5 

Biiinud 135 

Choeae 566 

Chelerylliriue 5U7 

Chetidonino 507 

Chemical  altnclion.or  affinity  37,  29 

■ymtiols  and  foriiiula] 47 

combinution 39 

dccompoaition 31 

equivalenta 36 

Chemistry,  inoiguuic 35 

organic 251 

of  animal  and  vegsluble  life.  5H6 

Cliinoviiie 503 

Chiococcine SIO 

Chtoiioplilaee 545 

Ciilouupiiteae 545 

Chlonaphlisc 547 

Chloiiaplitoso 547 

Chlonaphluae 546 

Chlonaphtaliue 548 

61 


ChlonaplilnleM 548 

Chlonaphtaliae 548 

ChlopbUli^c  Dcid 553 

Chloracelic  acid 395 

Chloral 395 

ChloTanopliUdc  acid 553 

Chloraniliun 493 

ChloraiiilatDan 492 

Chloranilo 493 

Chloranilic  acid 492 

Cldoraniline 496 

ChloranthracencH 553 

Chlorotea 341 

Cliloiehronnphtiae 548 

Chlor'rbraiiupbtose 548 

ChleribroaaphloM 548 

Chloribroiiaphtuae 548 

Chloric  ucid 98 

Chloride  of  acetyle 397 

barium 173 

beniole 348 

bsiizoylo 344 

bronapbuiae 548 

curboii 141 

.  chlonaplitose 548 

cblonaphtew 549 

calcium 175 

cyuaacen 306 

nltrogrn 100 

nephtatluc 544 

pboaphorua 133 

■ulubur 131 

allver 335 

aodlum 168 

Chlorine,  bleaching  pover  of. . . .    91 

•Qlmlouof Bl 

Cbloriudutmit 491 

Cblorindoplen 491 

Chloriudoptenic  acid 49t 

cbloriuiied 491 

Chloriudjne 490 

Chlorisaline 487 

Ciiloriealydo 489 

Chloiobeiiilne 348 

Clilorocarboaic  acid S90 

ether 362 

Cldorocinnoae 367 

Chlorodibromaniline 496 

Chloroform 420 

Chlorobeliciiie 3&5 

ChloroplicueriC  acid,  lix. 541 

Cliloropliyll 476 

Cblorosolicluo 364 

Chlorosalicylimlde 363 

Clilorous  acid 97 

Chlororalerisicaeid.du: 448 

CbloroieiiaphlBlIu,  oxide  of 553 

Cbloroxanaphtalraic  acid SSSt 


ChlorDxeuaphtoM,  oildfl  of 

CliloalillMse ,.... 

Choke-damp  of  mine* ' 

Cholucrole 

Chotaulc  acid '. . . 

CholelcBcld 

CliolMterlQB 

Chololeric  acid 

Cholic  acid 

of  UlHcliu 

Challuic  9c[d    

CIiDloidnnic  acid 

Chol-oitlicaeld. 

ChoaJrins        

ChroinitM       

Ciiromenlumi S9. 

Chromic  acid 

Chromium 

chlorldoB,  fluorides  of,  &c.. . 

and  potaih.  oxulate  of 

Chromocynnogt'n 

Uhiyaaiiilic  acid 

Chryacne 

Chryaolepic  acid 

Chryaophanie  acid 

Chyle.: 

Chymo -. 

Clachouiaf 

Clnchovaliiie 

Cinnabar 

Claaamelna 

Cinaamic  acid 

Cinnamon,  oil  of... 367, 

Ciniiamyle 

Iiyduret  of 

CiBsnmpeliuo 

Citmcoaic  acid 

Cilralea 

Citric  acid 

Cloves,  oil  of 

Cnicioe 

CoBgulallon  of  albumen. .. .  S£>7, 

of  blood 

of  vegetable  fibriiie  .  - 

Coal 

Cool  tar 

minoi,  lire-damp  la 

Cobalt 

chloride  of 

Uafl 

Coballocjranlde  of  potaMlnm. . . .  . 
G*b«1tacyaDO[eil 


>2  [Cocculai  iudicna 

3  ICocipieacId 

t   Coeogaldlc  ucid 

.    CodtioB 

!   CoSea,  lu  efiect  on  tlie  ayMem 

)  Cohesion 

i  Colchicino 

I    Col  ophollc  acid 

i   C'llopLouy 

*   "  ilortng  matters 

Dilrogealzad 

Colorinj;  matt 


r  of  blood 5S4 


id  luorgaiilE  radicals  116,3^4 


I  ConelcuciJ.. 

<  Couicine  .  . .  . 

!  Convokutine 

I  Copulva,  oil  o 


nrboiiale  of iU>i 


'   Crameric  acid 

'   Creatlna,  aeo  Rrtalinr. 


Crocouic  acid 

'■  Crolonio  scld 

I    CrjBtalllne,  aM^nUiiK. 

I    CrvsUltiiatioD 

i    Cubebiuo 

Cudbear 

'   Cmninic  acid 

I  Curarino 

1   Curd  of  milk 

I    Cusparine 

I  Cyamelide 


Cyanalei  o(  ammontii 

Cysuic  Bcid 

Cyanide  of  iron 

mmatj 

Cyanides,  double 

Is  a  canipound  mdlcal. .  1' 

lla  compouodB 

■[loDlani-auB  clecampaailion 
Itssolullon 

with  catbouic  oilde 

Cyanaiallc  acid 

Cyanurales 

Cjelamiae.. //.'.'.'.'.'.'.'.'.'.'.'.'.'. 

Cymene 

Cynnplu" 

Cystic  oiida 

D. 

Daf^uerrrolyps 

Damman  ntslu 

Daphnlne 

Dalurliie 

Daud  sea,  wHler  of 

Decay  of  woodp  Ilc 

checked  by  ■ntiwptlca  . . . 
Decampoaltian 

of  oipnic  cainpounds 

Drfinlle  pcoporlloua 

Dclphliie 

DeslrnctiTe  diillllalion  of  woot 

Dextrine  .; 

Diabetic  sugar 

Dialuric  acid 

Dlamaod 

Dinstoae & 

Diliiomanlllne 

Dlehlormniliiie 

Dldyniium 

Difloau 

Digestion 

Dllilurloacld 

Dintlrobemole 

Dalomite 

Draconic  acld,soa  Anitk  Acid. 
DracDiiinc,  or  drsgonVblood . . 

Drying  oils 

Dye* 

Dyilysine 

E, 
EirrHB,  proper,  metals  of  — 
alcolltn,  matalH  at 


Egg,  wblte  of 

ElaJiis 

Elaldic  acid 

Eialdehyds 

Elaaticily  uii  obstacle  to  cliemical 

Elatrriiie 

Electricily    produces    doeouiposl' 

tlou 

Electric  spsik  CHUMS  combloatlo  II 
currvuta  [a  tlie  animal  body 

EleillrMltS 

lablu  or,  wilh>ytiibo]a,uloinic 

weigiil*.  A« 

Eleiueiils   canstitulhig  tlie  great 

DUIS9  of  the  luorginio  world  . . . 

couslitullng  the  organio  world 

ElUglc  aclJ 

Emeliue  

Emulrinc,  lis  acllou  on  amydallna 
Enamel  of  Uie  teeth  contains  Huo- 

Epsom  sails 

Eqaivalent  numbers,  table  of  ■  ■  ■ 

Erbium 

ErcmocBusIs 

Ergotinc 

Erylhric  ucid 

Erythrliie 

Erylhrolelne 

Eiylhrolilmine 

Essentia]  dHb,  □au-oxygenated 

oxygenated 

Bulnhiiriied 

concrelo  ]>riiiciples,  allied 

Ethul 

Etlialic  acid 

Ether 

theory  of  lis  forinatlou  . . . 

Ethon<,  compound 3T 

Etherine 

Etlierole 

Ellilonlc  acid 

Elhylo 

bromide  and  Iodide  of 

hyJrated 

acid  BUlphale  of 

altophanate  of 

bentoale  of 

carbonate  of  ,..*.,. , 
liyponilrite  of 


d  ..  465 
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Ethyle,  oxide  of  sulpbocarbonate 

of 380 

salicilate  of 381 

sulphide  of 375 

hydrosulphide  of 375 

compounds  of,  of  uucertain 

con»titutioii   382 

products  of  the  oxidation  of  384 
action  of   chlorine,  &c.,  on 
the  compounds  of  . . .  .392,  seq. 

Kuchlorine 99 

Jbjuchronic  acid 293 

Eugenic  acid 450 

Eupion 538 

Excrements 579 

importance  of,  as  manure. . .  581 
F. 

Fat,  animal,  its  origin 591 

oils,  natural 459,  4G3 

action  of  heat  on 460 

of  sulphuric  acid  on  461 
of  nitrous  acid  on . .  462 

of  bases  on 462 

origin  of  their  peculiar 

smell 581 

Feathers..: 567 

Ferment 561 

Fermentation,  butyric 412 

lactic 411 

vinous 409 

viscous 412 

theory  of 272,  410 

Ferric  acid 1 89 

Ferridcyanides 313 

Ferridcyanogen 313 

Ferrocitrate  of  morphine 426 

salicine 426 

Fcrrocyanic  acid 309 

Ferrocyanide  of  potassium 310 

iron 311 

Ferrocyanogen 309 

Ferrotartrate  of  morphine 431 

quinine 430 

salicine 431 

Ferrotannate  of  quinine 437 

Fibre,  woody 531 

Fibriue,  animal 563 

vegetable 557 

composition  of 564 

Fichtelite 554 

Fire-damp 139 

Fixed  oils 459,  463 

Flame,  its  nature 139 

Flesh,  juice  of 575 

Flint 144 

Flowers  of  sulphur 109 

Flaoborates 143 

Flaoboric  acid 144 


PAOB. 

Fluoride  of  calcium 176 

Fluorine 107 

Fluoeiliclc  acid 145 

Food  of  plants 586,  seq. 

of  animals 586,  scq. 

digestion  of 574 

Formanilide 51  ^ 

Formiates 419 

Formic  acid 418 

Formobenzoic  acid 345 

Formyle 418 

compounds  of 418,  420 

Formulae 47 

Fossil  resins 554 

Fraxinine 478 

Fulminates 302 

Fulminating  mercury 303 

Fulminic  acid 302 

Fumaromide 436 

Fumaric  acid 435 

Fuming  sulphuric  acid Ill 

Fungic  acid 464 

Furfurine 522 

Furf  urole 522 

Furfurolamide 522 

Fusible  metal 2:>2 

Fusibility  of  metals 147 

G. 

Galam  buttkr 463 

Galena 219 

Gallic  acid  and  galiates 437' 

Galls,  nut 436 

Galvanism  decomposes  water. ...     73 

Gamboge 474 

Gas,  oxygen 64 

olefiant 140,  396 

phosgene 290 

Gases,  how  dried 79 

combine  by  volume 51 

Gastric  juice 574 

Gaultheria  procumbens,  oil  of  . . .  417 

Geltttigenous  tissues 567 

Gelatine 567 

products  of  oxidation  of 568 

Geutianine 477 

Germination 587 

Glacial  phosphoric  acid 127 

Glass 145 

Glauber  salts 236 

Glaucine 507 

Glaucopicrine 507 

Globules  of  the  blood 584 

Glucic  acid 406 

Glucinuni  and  glucina 180 

Glucose 404 

Glue 567 

Gluten 557 

Glycerine 424 


Glycervlr,  and  iu  compoaDitc  . . .  434 

Glyeocoll 523 

Glycyrrhlilne .'.   ...531 

Gold aaG 

cDTnpounds  of 2ST 

Goni  melat 232 

Grape  Bugsr 404 

Bcliou  •>(  aelda  and  bam  oa  404 

Graphite 135 

Gieea  hydrokinons 443 

vitriol 233 

Grei,  radical  of 383,  236 

Growth  of  plaota 586,  seq. 

Gaalacane 369 

Gaalacum 368,  473 

Oiuiacyle 368 


Ilydrato  of  baryta 172 

lima 175 

oxide  of  ethyls 373 

wda 168 

lumiDB 179 

eiqaloildeof  Iron 188 

Hydrindine 490 

HydriodiCBcid 104 

Hydrobeaiamlde 349 

Hydrobromic  acid 102 


.  341 


compoBillan  and  origin  of  581 

plaoalioD  of  tho  action  of. .  582 

--  Thtiat  or  O^tinr. 


H. 

Hue 

Hannatine 

Hatchetlne 554 

Heatpromolcaconibinatloa 

produceci  by  combinatioti  . . 

animal,  origin  of 59J 

Hellcine .'.'.".'.".'.'.'!.'.'."!!!.  365 

Heilcnine 470 

Ileniatelne 476 

Hemt 

HemalDiiyliae 47G 

Hemiplnic  acid 

Herbivora,  aaimul  heal 

HoBperldino 477 

Hlpjiuric  acid 345 

eiisu  in  hnroau  urine..  .345,  579 
ptoJuct*  of  Ita  deCDDip'Q  345, 532 

HUcicacid 446 

Honey 404 


Hydrate  of  potash. . 


Hydro. 


93 


Hydrocoboltocyanic  acid . . 

Hydrocyanic  acid 293 

Hydrofcrridcyaulc  acid 313 

Hydrofcrrocyaalc  acid 309 

Hydrofluoric  acid 107 

Hydrogen 68 

its  preparatloD 68 

propertiea 69 

chief  compounda 69 

deutoxide  of 76 

carburetted 139 

aulphuretted 117 

penulphuretted 118 

■eleniuretted 133 

tclluretted :....  317 

phoaphuretled 131 

arse  II  iu  retted 30G 

acids 69,  116,234,377 

Hydrokinone,  green  and  irblla  . .  443 

Hydroleic  ocid 461 

Hydromargaric  acid 461 

Hydroninrgatltic  acid 461 

Hydromeilonic  add 320 

Hyctrosulphocyanic  acid 317 

Hydrosulphometionlc 


Hydroi 


ilphldcof  elhyle.. 

Hyduret  of  acetyte 

'"P"")''' 

""""""yi* 

cumyl" 

aalicylo 

Hyiliirilic  iiciJ 

Hyo=..y™[t,e 

H^livriiric  nuid 

H'v|iocliloriles 

Hypoeliloroiis  acid 

HypoiiUrauB  acid 

ilypophoephorous  acid  ... 
HypOHuluiiobcnziiJic  acid  . 
Flvpoaulplipbenioicacid.. 
Hyi^iilpliot-lutinicwld,. 
Hyi,o»„l,,l.ui„digpl,c:  acid 

Hjpn*i.ipl.'on.'|,'hliVlld'.. 
H>l<os„|pl,urkncid...... 


.  120 
.  375 
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INDEX. 


PAGK. 
I. 

Idriaune 554 

Ice 73 

Illcino 477 

Imabromisatinase  &c 493 

ImacUlorisatinaae,  &c 493 

Imasatine 492 

Iinamitinic  acid 492 

Imesatine 492 

Indigo,  blue 482 

white 484 

action  of  salphuric  acid  on  .  486 

potash  and  heat  on 494 

nitric  acid  on 486,  493 

ciilorine  on 491 

oxidation  of 486 

Indigotic  acid,  see  Anilic  Acid. 

Indine 490 

Indinic  acid 490 

luosinic  acid 578 

Inuline 528 

lodates 242 

Iodic  acid 105 

Iodide  of  lead 220 

mercury 223 

nitrogen 106 

potassium 164 

cyanogen 306 

sulphur 122 

Iodine 103 

tests  for 103 

compounds  of 103 

lodosalicylic  acid 363 

Ipecacuanha 510 

Iridium 230 

Iridin 474 

Iridiocyanogen 315 

Iron 185 

carbide  of 191 

oxides  of 187 

peroxide  of 187 

Erotoxide  of Ib7 
lack  or  magnetic  oxide  of . .  188 

protochloride  of 189 

perchloride  of 189 

iodides  of 190 

sulphides  of 190 

salts  and  tests  of 187,  seq. 

sulphate  of 238 

Isatan 491 

Isatine 486 

Isatinic  acid 487 

Isatinosulphites 488 

Iiatyde 489 

laethionic  acid 383 

Isinglass 567 

Isomerism 62 

Isomorphism 57 


Isomorphous  bodies,  table  of  ... .    60 

Itaconic  acid ' 428 

Ivory-black 569 

K. 

Kakoplattle,  {Cacoplatyle) 402 

Kali,  see  Potash, 
Kaliuni,  see  PoUusium. 

Kelp 103,246 

Kermes,  mineral 214 

Kidneys,  function  of 591 

Kinic  acid 442 

Kinone  442 

Kinovic  acid 464 

Komenic  acid,  see  Comenie  Acid. 

Kreatine,  preparation  of 576 

amount  of,  in  different  kinds 

of  flesh  577 

exists  in  urine 577 

Kreatinine 523 

Kyanole,  see  Aniline. 

L. 

Lac,  resins  of 473 

Lactamide,  isomeric  with  urethane 

and  sarcosine 382 

Lactates 414 

Lactic  acid 413 

anhydrous  or  lactide 414 

exists  in  juice  of  flesh. .  413,  575 
is     not    present    in    normal 

urine 413,578 

is  found  in  the  gastric  juice.  574 

Lactic  fermentation 411 

Lactine 408 

Lactucic  acid 464 

Lactuclne 478 

Lake,  carmine 498 

Lamp,  safety 139 

Lampic  acid 387 

Lautanium 215 

Lapis  lazuli 170 

Laurel  water 357 

Laurie  acid 259 

Laws  of  combination  by  weight.    33 

by  volumes 51 

Lead 219 

oxides  of 219 

other  compounds  of 220 

salts  and  tests  of 220 

acetate  of 391 

carbonate  of 5248 

chroniate  of 245 

sulphide  of 221 

Leather 567 

Lecanorate  of  oxide  of  ethyle  . . .  480 

Lecanoric  acid 479 

Legumine 557 

Lemons,  oil  of 466 

Lepidolite 170 


Lntandtln 474 

Leneine 565, 566 

Lan«aIiDe 518 

Leucatarie  acid 33S 

Lishl  CRUM*  chlorine  and  hydro- 
gen to  combine 92 

irs  Hcllon  on  nits  of  ■ilvei. .  335 
ia  eaMiillel  to  vegeUtlon ....  567 

Llenine 531 

LignouB 534 

Lime 175 

terlslor 175 

uHiof 175 

water 175 

Limone 479 

LIpio  ftotd 458 

LiriodeDdrine 477 

Litharge 930 

Lilbic  acid,  see  VrU  Acid. 

Lilhia 170 

Litliium 170 

oxide  of,  or  lithid 170 

teaUof 171 

Lllhofelllc  acid 573 

Litmus 483 

Liver,  fuactiooa  of 591 

Lophlus 350 

Lunar  cautio 341 

Lupnllne 478 

Lnteoline 474 

Lymph 583 

MAcaoTtH 474 

Madder 475 

Iiurple,  red,  oranee  and  yetiow  475 
ake 475 

Magnesia 177 

BmmoDiBco-pfaaephale  of  . . .  177 

carbonate  of 347 

iulpbateof 337 

taataof 177 

Magneeium 177 

oxide  of,  or  magDeaia 177 

ohlorids  of 178 

Magaetic  oiidea  of  Iron IBS 

pjrrltes 191 

Magnna,  salt  of 2^ 

Malchlte 248 

MaietM 434 

Maleic  acid 435 

Mnlic  acid 434 

Malt 559 

its  action  on  lugar 560 

Maoganeie 181 

protoxide  of 181 

peroxide  of 183 

chloride  of 184 

aalpbale  of S37 


Mangaaefs,  teita  of IJ 

MangBnlc  acid II 

Manganocyanogen 3i 

Manoa 41 

Manulta 409,  413,  41 

Manures,  theory  of 5( 

Marble 2- 

Margsratea 4. 

Margaric  acid 4! 

Margarine .". 41 

Margarone 4! 

Ma^aryle 41 

Margaryllc    acid,  *ee    Margaric 

Mawcot 31 

Maatio * 

Meciiloic  acid A'. 

Msconatea 44 

MecoDlc  acid « 

Meconine 4: 

Melam 3! 

Melaniine 3! 

Melampyrloe 4' 

Melaaele  acid 41 

Meliile 2! 

MollilicacW 3! 

Mellone 31 

Mellonldes 91 

Membraoea SI 

Menlapennine 51 

Meayalhlne 4^ 

Mercaplan » 

Meicaptldea 31 

Mercury S! 

oxides  of Z 

chloridee  of 9! 

iodides  of a 

sulphide  of a 

bicyanide  of 31 

■alts  and  testa  of 9! 

Meiito Si 

Meiityle 3J 

Mesitylene ■. 4< 

Mesoialic  acid 3> 

Metacetone 44 

Meucetonic  acid 359,  406, 4! 

Melagaltle  acid 4! 

Metaldehyde 3f 

Metals 1< 

density  of 1' 

hardneee  of 1< 

tenacity  of 14 

fusibility  of H 

ToUtlllty  of U 

with  oxygen ll 

chlorine li 

iodine,  bromine,  iic li 

iitlpbar li 


eo8 


INDEX. 


PAOR. 

Metalfl,  of  the  alcaUM 159 

alcaline  earth* 172 

earths  proper 178 

noble 150 

Metamargaric  acid 461 

Metaphosphates,    or     monobaaic 

phosphates 243 

Metaphosphorfc  acid 127 

Metastyrole 473 

Meteoric  iron *. 185 

Methionic  acid 384 

Methyle 414 

hydrated  oxide  of 415 

oxide  of 415 

products  of  oxidation  of ... .  418 

salts  of 416 

Metoleic  acid 461 

Middletonite 554 

Milk 564 

composition  of 566 

sagar  of,  or  lactine. ........  408 

fermentation  of 411,  566 

Mineral  food  of  plants 586 

chameleon 183 

coal 540 

pitch 554 

waters 75 

Molecules,  compound 263 

Molybdenum 210 

sulphide  of 211 

Molybdic  acid 210 

Morine 474 

Moroxylic  acid 464 

Morphine,  or  morphia 503 

salts  and  tests  of 504 

Mould 533 

Mouldering,  or  decay  of  wood  . .  533 

Mucates 408 

Mocic  acid 408 

Mucus 567 

Mudarine 477 

Mulberry  calculus 583 

Multiple  proportions 34 

Murexan 340 

Murexide 338 

Muriatic  acid,  see  HydrocUorU  Add, 

Muscular  fibre 563 

Mushroom  sugar 409 

Must 560 

Mustard,  oil  of 468 

bases  from 468,  520 

Mycomelinic  acid 334 

Myricine 464 

Bfyristic  acid 259,451 

Myronic  acid 469 

Myrosino 469 

N. 
Nails  of  animals 567 


Naphtha 555 

Naphtalase 551 

Naphtalic  acid 552 

Naphtolidine 520 

Naphthaline 543 

action  of  nitric  acid  on 550 

of  chlorine  &c.  on 543 

of  sulphuric  acid  on. . . .  550 

Naphteine 555 

Narceine 505 

Narcogenine 507 

Narcotine • 505 

Narcotinic  acid 507 

Natrium,  see  Sodium. 
Natron,  see  iSoc^ 

Nerrous  matter 573 

Neutral  salu 234 

Nicltel 198 

oxides,  chlorides  of,  5lc 199 

tests  of 199 

Nicotine 501 

Nitraniline 497 

Nitranisic  acid 449 

Nitranthracenase,  Slc 553 

Nitraphtalic  acid 552 

Nitrates 239 

Nitre,  or  nitrate  of  potash 240 

cubic,  or  nitrate  of  soda  ....  240 

Nitricacid 83 

Nitric  oxide  gas 81 

Nitrindine 490 

Nitrobenzide 348 

Nitrobenzole,  see  Niirohenxide, 

Nitrogen 76 

preparation  of 77 

properties  of 77 

f protoxide  of 80 
iquid  protoxide  of 80 

deutoxide  of 81 

chloride  of 100 

iodide  of 106 

bicarbide  of,  or  cyanogen  140,  293 

Nitrohydrochloric  acid 95 

Nitrohydurilic  acid 333 

Nitromeconic  acid 479 

Nitronaphtalaae,  or  nitronaphtese  551 

NitronaphtaJe 551 

Nitroni4>htcse 551 

Nitronaphtesic  acid 551 

Nitronaphteise 551 

Nitronaphteisic  acid 551 

Nitronaphtise 551 

Nitronaphtisic  acid 551 

Nitrophenesic  acid 541 

NUrophenisic  acid,  see  Pxcrie  Add, 

Nitrophtalic  acid 552 

Nitropicric  acid,  see  Picric  Acid. 
Nitrosalicylic  acid 363 


Kltfortyrole 

Nitrotolnota 

466 

472 

sa 

RO 

27 

436 

Imda. .  586 

51S 

449 

449 

446 

446 

. .  .'44@,  4(iG 

470 

466 

le-taof.,- 

oxide 

NnlpiliB 

IfutritianafplantsaDdii 
0. 

OiaiDBts  at  oilde  of  atfayle,  or 

Oiaroic  acid 

OlBIDldo 

(Enanlhole 

(Enuuthylic:  acid 

ofcompoundiofethyle 

ofiDdiKO 

bill«T  atmonda 

Oxychlorlde  of  acetyls 

orrormyle 

. .  .450,  466 
466 

...450,466 

467 

470 

417 

466 

466 

469 

cXlr".".".";;.".";.";. 
garlic...'!."."!;;.';! 

gaullberia 

jun'iwf 

mnetard'!!!!!!!!!! 

Its  piopeitles 

P«l.t.AD10CT4NaCU< 

"l-™" 

...360,466 

465 

466 

. .  .460,  462 

460 

D 461 

462 

457 

140 

Olefianlgaa 

457 

573 

479 

479 

506 

506 

503 

503 

480 

Oliiile 

Paramide 

OliTilK 

OpiBDlo  aoid 

Oplnra 

Oreelna 

Paralartaric  acid,  sea  Ba'cmw  AcU 

Pelnrgodlc  acid 259,446, 

Polopiuoi 

481 

>clcr«orS53 

251 

265 

metsmorpliosea  of  . . 

Peru  barBam 

PcruTine  

bases..... 

Orplmenl 

499 

206 

S30 

230 

989 

Oxalalea 

Psucyle 

610 
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PAOE. 

Pbene  or  benzole 347 

Phenylanide,  aee  AnUiae, 

Fhenyle 541 

oxide  of 541 

Phloretine -. 3«6 

Phloridzeine 366 

Pbloridzine 366 

Phvcenic  acid 446 

Photiphutes,  monobaflic 343 

bibasic 243 

tribajuc 243 

Pbospboric  acid,  anhydrous 126 

monobasic 127 

bibasic 128 

tribasic 128 

Phosphorous  acid 126 

Phosphorus 124 

biniodide  of 133 

chlorides  of 133 

sulphides  of 134 

teriodide  of 133 

Phosphide  of  nitrogen ]33 

Phosphuretted  hydrogen 131 

Phtalic  acid 552 

Phtalamide 552 

Phtaliraide 552 

Phillyrine 478 

Phyltoretine 554 

Plcamar 537 

Plcoline 518 

Picric  acid 493 

Picrolichenino 477 

Picrotoxine 477 

Picryle 522 

Pinchbeck  232 

Pinic  acid 472 

Piperine 512 

Pitchblende 214 

Pitch,  mineral 554 

of  Judea 554 

Pittacal 539 

Plants,  nutrition  of 586 

ashes  of,  as  manure 588 

Plaster  of  Paris 237 

Plasters 463 

Platinocyanogen 315 

Platinocyanide  of  potassium 315 

Platinum 228 

oxides,  chlorides,  &c.  of ... .  229 

bases  containing 281,  seq. 

base  containing,  with  arsenic  402 

spongy 228 

black,  or  powder ! . .  228 

Plumbagine 478 

Plumbago 135 

Podophyllln 474 

Polychrolte 474 

Polychiome 476 


PAOB. 

Polymerism 63 

Populiue 477 

florphyroxine 478 

Potash 161 

hydrate  of,  or  caustic 162 

acetate  of 391 

carbonate  of 246 

bicarbonate  of 246 

croconate  of 291 

chlorate  of 241 

chromate  of 245 

bichromate  of 245 

cyanate  of 299 

iodate  of 242 

nitrate  of 239 

perchlorate  of 231 

permanganate  of 183 

sulphate  of 236 

tartrate  of 429 

bitartrate  of 429 

Potassium 159 

oxides  of 161 

chloride  of 164 

bromide  of 164 

iodide  of 164 

fluoride  of 164 

cyanide  of 307 

ferridcyanide  of 313 

fcrrocyauide  of '. . . .  310 

cobaltocyanide  of 314 

chromocyanide  of 315 

iridiocyanido  of 316 

platinocyanide  of 315 

palladiocyanide  of 316 

manganocyanide  of 316 

mellonido  of 320 

sulphocyanide  of 318 

sulphides  of 165 

Pototo  starch 526 

Pototo  spirit,  oil  of 410,  422 

Precipitate,  red 221 

Proof  spirit 374 

Proportions,  definite 33 

Proteine,  Mulder's  theory  of  ... .  556 

its  existence  doubtful 557 

Prussian  blue 312 

Prussic  acid,  see  Hydrocyanic  Acid. 

Pseudoerythriue 480 

Pseudomorphine 505 

Purple  of  Cassius 228 

Putrefaction 274 

Pyrene 553 

Pyrites 191 

Pyrophosphoric  acid 128 

Pyrogallic  acid T 438 

Pyroligneous  acid 534 

Pyromeconic  acid 442 

Pyrotartaric  acid 432 


FyroinitlttiM . . . 
Pyroxylic  iplrit . 

QUADllCHLOl 

UuercitriQC.      

Quick -[line 

QuickailrrT.  we  Mtrtarv. 
U"f"ine 

frrrotartrmta  of 

fcrrotanu.l«  of 

Ouinoidioe 

Uiiluoliim ; 

R. 

n<tCEHtC  ACID i 

Radical*,  organic 

uf  Roint  and  Gr<M 

Rain  vatercoaUlosammoDlttl 

Realgar 

Red  coloring  mitten 

lead 

precipilate 

Reduction  of  metala 

Reieet,  Radical*  of S 

Rennet 

Realn  of  eldeliyde 

Reiini 

Reeliioluo 

Reepiratlon 

ReUuaplilha 

RollDole 

Retlaylene 

RellaleK-ao 

Rhodium 

compaundi  of 

Rhodeoretlos 

Uiiodeoreliuale 

Rliodizonlc  acid 

Roccellie  wld 

Roclietle  salts 

Rock  *alt 

Rouge  v^g^lale 

Rablalc  acid 

Rnthenlnm 

3. 

Samdillinb 

Saccharic  acid 

Bacchulmlue 

SaSlowor,  yellow  and  red  of  . 

Saffron 

Sefuly  lamp 

Sul  ammoniac 

Sdiciue 

uroducli  of  decompoutlo 

l«rocJtral«  of 

fern 
Balioyle 


'   SallcyK  bydurel  of 360 

<    Salicylic  add 361 

Kullcylamlde  yields  cottNtloitcld.  &43 

'   SeKcyloiia  Mild 360 

1  Sallcyllnifde 360 

i   Saligaulno 3li3 

Selirellue 365 

■  Saliva B7» 

Salt,  cam  mo  D 1G8 

definition  of  tlis  term 3U 

Iti,  geucnil  nmarke  OD 334 

couititulion  of S34 

■nlplmr 248 

1  Sanguinariiie &13 

Sanlalljie 475 

laatonlne 477 

"eponiiio 478 

;   Scillilliie 477 

'   Svbacic  acid 457 

etiier 457 

Scleualdine 366 

SelBQiOBCtd 1S13 

Selculte 237 

I   Selenlouiacid 193 

.   Selenium 139 

i    Semlnaphtolldine SSO 

I   Seneguine 478 

Scrum  of  blood 5IJ4 

1    Seaquloilde  of  iron 1S7 

uluniinum 179 

chromium SOT 

mangBDeae m 

Silica  or  Klllclc  acid 144 

Billcatea 145 

Silicofluorides 149 

Silicon 144 

terelilorido  of 145 

letQuorlde  of 145 

Silver 234 

oildeot 325 

chloride  of 335 

iodide,  and  sulphide  of 326 

■ulphate-or 338 

nitrate  of 341 

leataof 324 

cyanide  of. 303 

fulmiuatiug 303 

alloys  of 339 

•  SlnapiEine 469 

"inapoliue 409 

innnmlne 468 

laked  lime 175 

1   Small 197 

I    Smilacine 478 

,   Soaps 469 

■  "da 168 

acetate  of 391 


|>hUiUllUlt(LS  uJ 

Rulpliuti:  of. . 
kirlriilu  of.  m 


l,S„li.l,a,i 
I  r  t<lll]iIlllXi 


.'nluiiiinii  atnl  |Hitiiiili.  • 


.fc-HJ 


Hplraii,  oil  uf 

Spirit  of  u-ii» 

Iiyroilllc 

SluphulDB 

potuto,  Slc u:ju 

SlennlcH -I5:i 

Stanric  iickl 4.>n 

Stearins J'".! 

Sl«l li'i 

Htiltieue Iiai 

Slnnioniiio Mf 

titioutiain 1~4 

oxliir,  loilji  of,  £l^ lT-1 

SlrontU 17^ 

Carbouute  of  . . . 


fcof.. 


.  aio 


■uipiiste  of ia: 

Blrycliiiiuo filll 

SlymclM JT3 

Styrols 473 

Bubpric  icld 4AS 

Subdcetale  of  Icui ll!)2 

copper yil'2 

Hubaiiilo  of  copper 313; 

Biilatltatioii,  dcKtriiiu  of. . . .  360,  Mli 
Pueclnlc  iiciil AH 


with  liaara 

with  bUKI,  &£.. . 

dlnVtic 

of  milk 


SulpliulieuxiiliE 

r<ul|>liocaniphlc  uciil. . . . 
tfillpiioriuiiphatic  uvlJ. . 

^^ulphoci'lylie  acid 

Sul|>liury:»iiilr  <if  |ialu»a 

!4ulplii>C}-Baic  Buid 

itulphor  yBuii|t<-u 

Suip|]o|[lyc<rrlc  uciil 

^ulpliuiuili|^lic  ucid  . , . 

Sul[>hak-lc  uclil 

Sulphuiu>r)[uriu  uciil. .. 

Siilpliuiiirlluw 

Suipiiuiuethylli!  ncid  ... 

Sulpllopnphlbuliih- 

SulphDunpiiliuilliie 

^ul|ihuplai]ic  ncid 

Sulpliovluic  Belli 

Sujjiliiir 

ciiturldfK  uf 

iodide  of 

with  mrtuiii 

and  oxygrcB 

Suipliuretteil  hyilra(!Pi 

liypiHiitpliiirit 
Snipliidn  of  umiiio 

uullmany  . . . 

birimii.!!!!. 


■M  .. 


,53Q^pirpT*jr< 
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PACK. 

Salphide  of  ethyle 375 

irou 190 

lead 221 

mercury 223 

nietbyle 416 

molybdenum 211 

nickel 199 

nitrogen 119 

potassium 165 

silver  .  i-n 226 

Bodium 170 

tin 195 

zinc 193 

Sulphuric  acid,  anhydrous 110 

hydrated 110 

Sulphurous  acid 109 

Surinamine 512 

Sylvic  acid 472 

Symbols  and  formulse 47 

Synaptase    357 

Syringine 477 

T. 

Tanacetink 477 

Tanghine 478 

Tannates  436 

Tannic  acid 436 

Tannin,  see  Tannic  Acid. 

Tanuingenic  acid 439 

Tantalum,  see  Ckdumbium. 

Tartar,  cream  of 429 

solubW*:^ 429 

emetic   430 

Tartaric  acid 428 

anhydrous 431 

Tartralic  acid 431 

Tartrelic  acid 431 

Tartrates 429 

double 430 

Taurine 571 

Tea,  its  active  principle 513 

Teeth,  enamel  of 176 

Tekoretine 554 

TcUuretted  hydrogen 217 

Telluric  acid 217 

Tellurium 217 

Tenacity  of  metals 146 

Terbium 26 

Teriodide  of  phosphorus 133 

Tests  for  arsenic 201 

Thebaiue 505 

Theiue  or  Caffeine 513 

Theobromine 513 

Thialdino 386 

Thionurate  of  ammonia 335 

Thionuric  acid 335 

Thiosinnamine 468 

Thorina 181 

Thorite 181 


PAOX. 

Thorium 181 

Tin  194 

oxides  of 194 

chloride*  of ^ 195 

sulphide  of 195 

tesU  of 194 

alloy  of 232 

Titanic  acid 216 

Titanium 216 

chloride  of 216 

Toluidine 519 

Toluole rrrrrr.  368 

Tombac   232 

Tribromaniline 496,  517 

Trichloraniliue 496,  517 

Tungsten 211 

chloride  of 212 

Tungstic  acid 21 1 

Turkey  red 475 

Turmeric 474 

Turpentine 472 

oil  of 465 

Type  metal 232 

Tyrosine 564 

U. 

Ultramarine 170 

artificial 170 

Upas  poison,  or  antiarine 477 

Uramile 336 

Uramilic  acid 336 

Uranium 214 

tests  of 214 

Urate  of  ammonia 326,  327 

Urea 300 

artificial 301 

aniline 518 

nitrate  of SQl 

oxalate  of 301 

Urethane 382 

Urethylane 417 

Uric  acid 327 

derivatives  of 328 

Uric  oxide  or  xanthic  oxide 341 

Urinary  calculi 582 

Urine  of  man 579 

of  serpents 580 

of  birds 580 

of  herbivora 580 

of  carnivora 580 

use  of,  as  manure 581 

Ur>'le 341 

Usnic  acid 482 

V. 

Vaccinic  acid 445 

Valcracetonitrile 568 

Valerianic  acid 448 

Valerian,  oil  of 448 

Voleronitrile 568 
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VaBadic  aoii HO^ '  Wax , 

Vaawziam :iKi'* 

Vara*«he« 474 

Varr^'jie 1**4 

Vqj-:.t:«If*  :kl&uiu  .'a 557 

a;«ri:ir 557 

»  »  ■» 
%  Jt^'    «  vL^  ••         ■.■■■■•■■■■•■■■■     »*w  ' 

V«^ia„»  r*.  xiutriiio:i  of 5^G 

:i)i^era!«  Mmfnli^l  to S?** 

Yeri:r:o  4r:i 447 

V#»:ri:i- St.Vji 

Wrcipri* 392 

Vermtiiou ;h}4 

Viaefar 3^"* 


TKVr  PAfil. 

464 

White  load 24S 

pivoipUatc ass,  24*? 

viirioi 2:iy^ 

Win*.',  oil  of lii^li 

Wiiht-rite 217 

ci:ftiIluliou  of 5.'{4 

(ivcay  of 533 

coal,  or  brown  coal 54U 

Woojv  fibre 531 

X. 

Xaxthic  xciD 35*0 

ojkioe ^1 


{ 


wood 634   Xanthopeuic  acid 5(M» 

\1iMU«  :Vr::;-.-:iU::oa 109   Xvloiciue 527,  532 

Vitriol,  o.l  of 110   .\\  lort^^tine 533,  554 


blue 23> 

prws 23> 

wti:^ 2;^'^ 

V«Utue  aloe : ^6 

oily  »c:i* 25^.  5."^ 

oL*T  ba«'5    5'X> 


Xviiie  534 

XvliiJc  oil 534 

naphina 534 

rt:»ia 534 

Y. 

Yeast  oe  nxMK«T 561 

Volame*,  co:ub:::j::oa  by 51    Yeiiotr  coloring  matter 474 

chrome 245 

Yiirui ItO 

Watoi 70    Yixrium ItO 

Yttrotantaiite....    leO 

Z. 

Zaffu 197 

Zjutnopicnue 477 

ZiDc 191 

oxioe  of 192 

cblorice  of 192 

sulphice  of 193 

ie*u  of 192 


of  i:o:i:r;u::i£ 53 

W. 

m 70 

compo$::;ou  of 71 

propirrtifj  of 73 

u*p»  of   74 

dtftilW 75 

bani  auJ  «oi^ 75 

VUB 75 

•priB|^ 75 

miBenl 75 

•clialou* 75 

chalybeate 75  sulphate  of 

laline 75^ZtrcoQia ISl 

Mitphttivous 75    Zirconium 160 
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PA0C  . 

VanadlOMid 909' 

Vaoadiam 209 

Varnl«he» 474 

Varviclta -. 184 

Vegetable  albumen 557 

tibrine 557 

caseine 557 

Vfgetubles,  nutrition  of 586 

miuerals  enential  to 587 

Veratric  acid 447 

Veratrine 508 

Verdignrla 392 

Vermilion 224 

Vinegar 388 

wood 534 

Vinous  fermentation 409 

Vitriol,  oil  of 110 

blue 238 

green 238 

white 238 

Volatile  alcali 86 

oily  acids 259,  535 

oily  bases 500 

Volumes,  combination  by 51 

table  of  combininflr 53 

W.   ^ 

Water 70 

composition  of 71 

properties  of 73 

uses  of 74 

distilled 75 

hard  and  soft 75 

rain 75 

spring 75 

mineral 75 

acidulous 75 

chalybeate 75 

saline 

sulphureous 75 


Wax 464 

White  lead 248 

precipitate 222,  248 

Vitriol 238 

Wine,  oil  of 383 

Witherite 247 

Wood 5:J2 

distillation  of 534 

decay  of 533 

coaJ,  or  brown  coal 540 

Woody  fibre 531 

X. 

Xanthic  acid 380 

oxide 341 

Xanthopenic  acid 506 

Xyloidine 527,532 

XyloreUne 532,  554 

Xylite 534 

Xylitlooil 534 

naphtha 534 

resin 534 

Y. 

Yeast  oe  feement 561 

Yellow  coloring  matter 474 

chrome 245 

Yttria 180 

Yttrium 180 

Yttrotentalite. 180 

Z. 

Zapfee 197 

Zauthopicrine 477 

Zinc 191 

oxide  of :..  192 

chloride  of 192 

sulphide  of 193 

tesU  of 192 

sulphate  of 238 

181 

Zirconium 180 


7^  ^Zirconia. 
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